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ABSTRACT
Shifts in the US water industry are characteristic of the flux found across all
infrastructure sectors. Economic, environmental, market, regulatory and systemic forces
are pushing the industry toward a different future where challenges of significant capital
formation, competitiveness, efficiency and resource allocation will be prevalent. Amidst
these drivers, longstanding assumptions about water provision and management are under
scrutiny. The path forward remains unsettled as industry players debate the role of the
federal government in financing pending capital challenges. The two sides of the debate
describe divergent paths, and the one taken will define the industry's near-term structure.
One hand indicates a pending crisis that necessitates substantial federal assistance while
the other suggests staying the course towards self-sufficiency.
Missing from these discussions is objective evidence concerning the state of the industry.
To supply the missing component, this thesis develops and applies a rational
methodology to characterize a national cross section of large water systems. The
methodology provides a basis for (a) understanding the state of systems within the
national portfolio and (b) guiding strategic assessment and policy development. A set of
common, core indicators are deployed that rely upon widely available operating and
financial data and make use of thresholds that serve as estimates of industry-wide
averages or standards. Once applied, the indicators provide grounds for describing an
enterprise's structure and core functions as well as assessing both capital needs and
opportunities. The evidence indicates that large systems are adequately positioned to
handle near-term capital challenges, so an expanded federal role is unnecessary. In
addition, alternatives that might improve national water provision remain largely
untested, so policies and strategies that support exploration of these approaches are
recommended. The work presented is a key step toward normalizing an industry that is
decentralized and locally managed.
Thesis Supervisor: John B. Miller
Title: Associate Professor of Civil & Environmental Engineering
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GLOSSARY
Acquisition - one of three core functions of drinking water delivery; this function collects
and conveys raw water from source(s) to point of production.
Block Charges - rates charged for water consumption that vary according to the amount
or a "block" of water consumed.
Comparative Indicators - quantitative indicators that are more meaningful when a
threshold is available.
Distribution - one of three core functions of drinking water delivery; this function
conveys finished water to retail consumers.
Enterprise - organization and management that are responsible for delivery of services;
used interchangeably with system.
Finished Water - treated water that is prepared for human consumption.
Independent Indicators - quantitative indicators that convey meaningful information
without a threshold.
Indicator Value - a dimensionless value equal to an indicator's nominal value divided by
an indicator's threshold value.
Nominal Value - an indicator's actual or calculated value.
Production - one of three core functions of drinking water delivery; this function
transforms raw water into finished water through treatment processes.
Qualitative Indicators - non-quantitative indicators that are purely descriptive.
Raw Water - untreated water or water in its "natural" condition.
System - collection of facilities that support delivery of services; used interchangeably
with enterprise.
Tap - a connection to a water distribution system; also denoted as a "customer".
Threshold - a benchmark that is normally a recognized standard or a statistical value.
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Chapter 1 A DIFFERENT FUTURE
"Let them innovate in nothing, but keep the tradition."
Pope Stephen I
Chapter 1 11
1.1 Introduction
Since the passage of the Safe Drinking Water Act in 1974, the scrutiny of local water
systems has dramatically increased, and an array of drivers has developed that are
pushing the US water industry toward a different future. The path forward, which will
ultimately define the industry's structure, remains in flux as industry players debate the
role of the federal government in financing pending capital challenges. Unfortunately,
objective evidence concerning the state of the industry is often missing from these
discussions, like an argument over the color of something in a dimly lit room. The
research presented in this thesis is designed to shed light upon the subject by building and
applying a rational methodology to describe and assess water systems within our national
portfolio. The methodology deploys a set of core indicators to commonly characterize
the structure, core functions and capital needs and opportunities of a national cross
section of large water systems. This opening chapter outlines the circumstances that
motivate the research and presents its theory, intent and approach.
1.2 Leaving an Era of Development and Stability Behind
As the 19th century approached, a young American nation was evolving from a rural,
agrarian economy to an urban, industrial one. As the density of the burgeoning urban
centers of America increased, municipal leaders and the general public began to suspect
that the processes of an urban, industrial society had detrimental effects upon drinking
water supplies and public health. While their understanding of the causes of serious
health problems such as yellow fever and cholera was not absolute, the collective intellect
of that era correctly determined that human and industrial wastes contaminated drinking
water supplies and something had to be done to remedy the situation (Blake 1956).
Prominent cities like New York, Philadelphia, and Boston began to consider alternatives
for establishing community water supply systems. Each city's eventual strategy was quite
different, but each oversaw the development of systems that were capable of supplying
water directly to consumers' residences or businesses. While there were earlier examples
in Bethlehem, PA and Providence, RI, community supply systems were now in place in
the most important cities of the young nation. Hence, the predominance of public supply
Chapter 1 12
wells and pumps was ending, and the advent of community water systems in America
had begun.
A few decades later, the inadequacy of these early systems had become quite evident,
and thus began a period of hearty debate about expansion. Philadelphia was the first to
act when it instituted a series of improvements between 1815 and 1822 that increased the
capacity of its system. By 1840, the Philadelphia system was supplying 3.1 million
gallons per day (MGD) to 19,600 customers (American Public Works Association 1976).
In both New York and Boston, however, the decisions did not come so easily. In both
these cities, the original supply systems had been privately developed. As early as 1804,
a young DeWitt Clinton had argued that a new more efficient system was required in
New York (Blake 1956). Similar debates had begun in Boston. For over three decades,
municipal leaders in both communities contested a variety of issues including system size
and configuration, source water locations, governance structures and financing schemes.
Not until 1835 and 1846 did the cities of New York and Boston embark upon the
construction of their Croton and Cochituate Aqueducts to fulfill their growing water
supply needs. All three efforts were executed under public control and finance.
By the end of the 19 th century, the water supply needs of major American cities were
still growing, fueled by the requirements of a maturing industrial society. In 1895, the
Massachusetts Legislature established the Metropolitan Water District that unified
Boston metropolitan communities for the purpose of water supply and empowered the
Metropolitan Water Board to make the necessary decisions for such purpose. The New
York Legislature followed suit in 1905 when it created the New York Board of Water
Supply to manage the development and operation of the city's water system. By 1906,
Boston had constructed the Wachusett Reservoir, at the time the largest man-made
reservoir in the world, and by 1917, New York had completed its Ashoken Reservoir,
Catskill Aqueduct, and City Tunnel No. 1. Effectively, the enabling legislation had
created new institutions for the express purpose of managing water supply and
distribution. With the requisite authority now in place, stability reigned and these
institutions began the oversight of further expansions for several decades.
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This quick review of past events in American water supply development and
management suggests three transitions. The first transition was simply the arrival of
systems of community water supply in the United States. Essentially, community
systems began to replace disparate collections of wells, pumps, springs, or watercourses
as the principal source of water for urban dwellers. Interestingly, many of these early
systems were the products of entrepreneurial private efforts. The second transition firmly
placed the governance of these systems in the hands of municipalities. During this era,
the rather simple systems originally developed were replaced with grand and complex
systems to convey water from remote outlying sources into urban settings. The third
transition established distinct public institutions to develop and manage public drinking
water supply systems. Certainly, the roots of the public water institutions are found in
the second transition, but at this juncture, these institutions were formally recognized and
given significant power. This ushered in an era of expansion and stability as the newly
formed and empowered water districts and boards utilized their authority to establish vast
networks of reservoirs, aqueducts, plants, and distribution pipes. Within America's major
urban centers such as Philadelphia, New York City, and Boston these transitions date
roughly from 1790 to 1830, 1831 to 1900, and 1901 to 1970. Appendix A presents a
timeline of events in Boston, New York and Philadelphia from the 1 7th century to the
middle of the 2 0 th century. While not all community water supply systems have followed
this evolution, the vast majority of large systems (serving more than 50,000 customers) in
the United States have experienced a similar cycle in one form or another.
Today, we are amidst another transition in the industry. The roots of this transition
reside in the creation of regulatory institutions and structures resulting from the
environmental and public health legislation of the late 1960's and early 1970's. In 1974,
the Safe Drinking Water Act (SDWA) laid the groundwork for the national standards that
now govern drinking water quality. Until this time, existing national guidelines were not
enforceable, so the industry essentially policed itself. SDWA effectively placed the first
set of external technical and financial pressures upon local, public water institutions in
the United States, and since then, the attention given to public water supply has
heightened dramatically.
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1.3 Toward a Different Future
Since the enactment of SDWA, an array of forces has developed that continue to push
the industry. Competing demands for public resources, current and pending regulations,
heightened interest in public sector performance, a deteriorating asset base, and threats of
substitute private management and services have combined to place unprecedented
pressure upon public water institutions. As present economic, environmental, regulatory,
market and systemic forces drive the industry forward, the industry's future remains
uncertain largely because the national response to these forces of change will dictate the
path that the industry follows. More than likely, this course will be defined by decisions
made within the industry and at all levels of government during the coming decade. The
sections that follow describe these drivers in detail.
1.3.1 Economic Forces
1.3.1.1 Decreasing Federal Outlays for Water and Wastewater Infrastructure
Throughout the 1960's and 70's total federal spending for infrastructure climbed
steadily fueled by massive federal programs. Figure 1-1 taken from CBO Papers: Trends
in Public Infrastructure Spending vividly illustrates the rise and fall of federal
contributions as legislation was enacted and subsequently implemented. Highway
spending peaked in the mid-60's while the Interstate Highway Program was underway,
cycled during 70's and 80's and rose again during the early 90's after passage of the
Intermodal Surface Transportation Equity Act (ISTEA) in 1991. Projections from 1998
through 2003 show a slight climb thanks to highway funding tied to the Transportation
Equity Act for the 21st Century (TEA-21). Alternatively, federal spending for water and
wastewater infrastructure climbed sharply during the 1970's after passage of landmark
environmental legislation and implementation of the USEPA Construction Grants
Program. Since then, federal outlays have fallen off steadily and projections through
2003 continue this trend.
Local and state outlays have contributed the balance of the necessary funding as
federal contributions have ebbed and flowed. During the 90's, state and local
governments have contributed approximately 75% of public infrastructure outlays, and
current patterns of spending maintain this trend (Congressional Budget Office 1999). In
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addition, total federal public infrastructure spending as a percentage of gross domestic
product has fallen from 1.08% in 1980 to 0.57% in 1997 (Congressional Budget Office
1999). These trends suggest that sectors such as infrastructure, particularly water and
wastewater, are being weaned from federal coffers, and right or wrong, the federal
decrease has forced a substantial increase in local and state outlays for infrastructure
requirements. The response to this trend at a local level is at best mixed; some
municipalities have employed rather creative infrastructure strategies to cope with the
funding pressures while others have continued to rely on whatever external aid they can
muster to avoid either user rate or tax increases. Regardless, the public financing
dilemma will continue for the foreseeable future, and local governments will undoubtedly
struggle to adequately fulfill their infrastructure service obligations as competing and
worthy demands for public monies also pull at the public purse.
Billions
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Figure 1-1 Federal Outlays for Public Infrastructure, 1956 - 2003
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1.3.1.2 National Population Migration and Growth
Meanwhile, national trends in population growth during the 90's reversed. After three
decades of declining total decennial population growth, the past decade saw a rise again,
the first since the 50's following the post-World War II baby boom.
Decade Growth (in millions) Percent Change
1950-1960 28.0 18.4%
1960-1970 24.0 13.4%
1970-1980 23.0 11.4%
1980-1990 22.0 9.8%
1990-2000 32.7 13.2%
Source: US Census Bureau, Census 2000 Brief Population Change and Distribution
Table 1-1 U.S. Population Growth 1950-60 to 1990-2000
Regionally, the West and the South grew at much higher rates, 19.7% and 17.3%, than
the Midwest and the Northeast, 7.9% and 5.5%. Every state grew during the 90's, and the
five fastest growing states were Nevada (66%), Arizona (40%), Colorado (31%), Utah
(30%) and Idaho (29%). Nevada has been the country's fastest growing state for each of
the past four decades (US Census Bureau 2001). At a local level, metropolitan
populations are migrating away from the central city into suburban areas as illustrated in
Table 1-2. All regions and divisions showed higher growth outside than inside central
cities during 1990-99, and this migration is most pronounced in the South.
Region Division States Inside City Outside City
New England CT, MA, ME, NH, RI, VT -2.4 4.1Northeast Mid-Atlantic NJ, NY, PA 
-2.2 4.2
South Atlantic DE, GA, FL, MD, NC, SC, VA, WV 2.5 20.2
South E. South Central AL, KY, MS, TN 1.9 18.0
W. South Central AR, LA, OK, TX 9.5 23.8
Midwest E. North Central IL, IN, MI, OH, WI -1.1 10.1Midwest W. North Central IA, KS, MN, MO, ND, NE, SD 2.0 15.0
Mountain AZ, CO, ID, MT, NM, NV, UT, WY 20.3 35.8West Pacific AK, CA, HI, OR, WA 8.1 14.9
Source: Population Estimates Program, US Census Bureau
Table 1-2 Percent Change in Metropolitan Population Inside and Outside Central Cities, 1990-99
These estimates by the US Census Bureau confirm that our national population continues
to grow, and the pace of growth is its greatest since the baby boom of the 50's. The rate
of growth is vastly different between major regions and states throughout the country,
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and metropolitan populations are becoming more suburban. As a result, our existing
infrastructure platform is supporting more people, its expansion is certain as populations
continue to migrate and grow, and the pace and demand for this expansion will vary
locally and regionally.
1.3.2 Environmental Forces
1.3.2.1 Availability of Supply
From a water resources perspective, growth trends during the past decade are rather
troubling. Figure 1-2 illustrates that the areas of highest population growth are also
among the nation's driest; rainfall is rather scarce across the nation's five fastest growing
states. The majority of Nevada receives less than 12 inches of rainfall annually. The
heavily populated regions within Arizona, Colorado and Utah receive less than 20 inches
of rainfall annually, but each of these states has an interior mountainous region that
receives between 20 to 30 inches of rainfall. In Idaho, rainfall in the more populous
southern section of the state is also quite scarce, but the more mountainous northern half
gets more than 30 inches of precipitation annually. If rapid growth in these states
continues, balancing the demand for water with the available supply will become even
greater challenges than they are currently.
03
300
-30 - Precipitation Contour f
E Growth > One Times US Rate
* Growth > Two Times US Rate
Sources: US Census Bureau and US National Climatic Data Center
Figure 1-2 Avg. Annual Precipitation and State Population Growth 1990-2000
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Even water rich regions of the country have experienced significant shortfalls in
supply when the effects of local growth are combined with persistent drought. For
example, Tampa, FL experienced a one-in-a-hundred year drought during 2000.
Normally, the Tampa area receives ample precipitation, but by February the National
Drought Mitigation Center rated the region DO, abnormally dry. By the summer, the
region was rated D3, drought extreme (Tampa Water Department 2000). Without
sufficient rainfall, the volume of flow in the Hillsborough River, Tampa's primary source
of raw water, had dropped to historic lows, so the Tampa Water Department was forced
to use existing auxiliary sources of supply and to develop new sources. These
circumstances presented significant cost and water quality challenges. Tampa's operating
expenses jumped by over 23% between FY99 and FY00, and the Department was forced
to locate and tap sources such as natural springs, sink holes and stormwater ponds
(Tampa Water Department 2000). Supply shortfalls such as this are becoming more
common in densely populated areas that are accustomed to abundant rainfall but
experience periods of drought. When weather patterns change temporarily, the impacts
can be rather substantial.
1.3.2.2 Evolving Public Health Threats
Throughout history, defining drinking water safety has evolved as knowledge about
contaminants and the threats that they pose to public health has increased. Ancient
civilizations apparently deduced by observation that some waters promoted good health
while others produced disease, so sophisticated civilizations sought sources that would
provide health-giving effects rather than electing to purify sources that were considered
poor (Pontius 1999). Similar approaches were taken in the United States during the first
half of the 1 9 th century when the cities of Philadelphia, New York and Boston each
developed a system of supply that relied upon remote and "pure" sources of water. Since
then, various treatment techniques such as filtration and disinfection have developed as
water quality science has incrementally advanced our understanding of drinking water
quality and safety.
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Today, our knowledge of drinking water safety is still evolving as new threats to
public health continue to challenge us. For instance, the first documented human
outbreak of cryptosporidiosis occurred in Texas during the 1980's.1 Until that time, the
protozoan Cryptosporidiumparvum was not known to pose any significant threat to
human health (Pontius 1999). In 1987, 13,000 people in Carrollton, GA became ill with
cryptosporidiosis, and this was the first report of the spread of the disease through a
municipal water system (Cornell Cooperative Extension 1996). One of the largest
outbreaks of the disease on record occurred in the City of Milwaukee in the spring of
1993 when an estimated 400,000 people became ill, and subsequent analysis of the city's
drinking water system determined that it was contaminated with cryptosporidium
(Cornell Cooperative Extension 1996). Outbreaks such as this focused national attention
upon the microbe, and the Safe Drinking Water Act Amendments of 1996 addressed its
management and treatment.
In addition, man-made environmental remedies sometimes have unintended
consequences. For example, American water suppliers eliminate most microbial
contaminants through the use of chlorine disinfection. In 1974, researchers at USEPA
and in the Netherlands discovered that a class of compounds, trihalomethanes (THMs),
formed as a by-product of drinking water chlorination (Pontius 1999). The water quality
community now understands that other chemical by-products in addition to THMs are
created during the disinfection of drinking water, some of which are suspected human
carcinogens. Water quality science and regulation, however, have not yet determined
what level of risk these by-products might pose to human health (American Water Works
Association 2000). Accordingly, microbial risks must be carefully balanced with the
potential risks of disinfection by-products. USEPA has promulgated an initial set of rules
for disinfection by-products, and further rules are under development. Methyl tertiary
butyl ether (MTBE) is another recent and ongoing subject of discussion. Interestingly,
MTBE contamination cuts across some of the most significant national environmental
legislation, the Clean Air Act, the Resource Conservation & Recovery Act, and the Safe
Drinking Water Act. MTBE is a gasoline additive utilized by the petroleum industry in
1 Cryptosporidiosis is an intestinal illness, and its most common symptom is watery diarrhea.
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areas of the country with air quality problems to comply with the reformulated gasoline
requirement stipulated by the Clean Air Act. Recent studies suggest that releases from
underground gasoline storage tanks are a major source of MTBE contamination in
groundwater supplies (American Water Works Association 2000). USEPA is currently
considering secondary standards for MTBE, and debates about banning MTBE have also
started.
In addition to these examples, other contaminants such as arsenic, radon and
radionuclides are under review to determine what threats they pose to public health and
what remedial measures are justified. Essentially, water quality science is little more
than a century old, and national water quality regulation is only a quarter of a century old.
From this perspective, the quest for safe drinking water has only just begun. More than
likely, human immune systems shall continue to evolve, biological agents will adapt to
combat disinfection and treatment, and economic progress shall introduce man-made by-
products to complicate and alter our environment. These and other unforeseen
circumstances will certainly challenge public health well into the next century and
beyond.
1.3.3 Regulatory Forces
The Safe Drinking Water Act (SDWA) of 1974 along with its key amendments in
1986 and 1996 is the principal law governing drinking water safety in the United States.
The legislation authorizes USEPA to establish comprehensive national drinking water
regulations to insure drinking water quality. To fulfill this obligation, USEPA establishes
drinking water standards and monitors compliance while the primary responsibility for
regulatory enforcement falls upon state governments through their own environmental
agencies. Practically, these obligations require USEPA to identify drinking water
contaminants, to evaluate the risks posed and possible treatment strategies for each
contaminant, and finally to balance the risk to public health against the cost of mitigation.
Normally, USEPA proposes then establishes a maximum contaminant level goal
(MCLG) and a maximum contaminant level (MCL) or a treatment technique for each
regulated contaminant. MCLGs are thresholds for each contaminant where no known or
expected risk to health exists for contaminant levels below the threshold. MCLs are the
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highest level of a contaminant that is allowed in drinking water, and MCLs are set as
close to MCLGs as possible. If current science precludes establishing and justifying an
MCL for a particular contaminant, USEPA normally opts to establish a treatment
technique in lieu of an MCL.
Today, five primary classes of contaminants are recognized:
" microbial contaminants such as viruses and bacteria which may come from
wildlife or sanitary systems
* inorganic contaminants such as salts and metals which may occur naturally or
infiltrate water supplies from urban runoff and industrial or agricultural processes
" pesticides and herbicides that may result from urban or agricultural activities
* organic chemical contaminants including synthetic and volatile organic chemicals
which are generally by-products of industrial processes
* radioactive contaminants which occur naturally.
Once a threat is identified, developing credible regulations to balance the risk to public
health with the costs of preventing or treating the contaminant is an arduous process since
establishing contaminant standards can be fraught with controversy. Currently, debates
are raging between the water supply, the environmental and the regulatory communities
over proposed standards for the metal arsenic. Arsenic is a naturally occurring element
found in rocks, soils and the waters in contact with them. Recognized as a toxin for
centuries, it has drawn recent attention as a contributing factor in the development of skin
and bladder cancers (National Research Council 1999). The current debate hinges not
upon the threat itself, but the proper balancing between the benefits and costs of reducing
the threat posed. In June of 2000, USEPA recommended a maximum contaminant level
(MCL) standard of 5 parts per billion (ppb) while the National Research Council and the
American Water Works Association supported an MCL of 20 ppb (American Water
Works Association 2000). Table 1-3 presents a comparison of the estimates of the costs
of compliance by USEPA and AWWA.
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Estimated Annual Cost of Compliance
5 ppb 10 ppb 20 ppb
USEPA Estimate $378 million $164 million $62 million
AWWA Estimate 1.46 billion $605 million $55 million
Source: American Water Works Association
Table 1-3 USEPA and AWWA Estimates for Annual Cost of Compliance with Arsenic Standards
As illustrated, the fuel of the controversy is the disparity of the estimates for
complying with different MCLs. In January 2001, USEPA modified its original
recommendation and published a standard of 10 ppb that would have taken effect in June
2001, but USEPA reversed itself in May by suspending the effective date until February
22002 to review the proposed rule further. On June 28, 2001 the Natural Resources
Defense Council filed a lawsuit challenging USEPA's suspension of the arsenic standard
stating that USEPA "unlawfully reversed its position on the arsenic rule without scientific
or legal justification and violated procedural and substantive requirements of the SDWA"
(Natural Resources Defense Council 2001). At this point, projecting the standard that
will ultimately result is difficult at best.
Another of the more costly and controversial regulations is the Surface Water
Treatment Rule (SWTR) and its subsequent updates. SWTR was promulgated in 1989 to
address the microbial contaminants Giarida lamblia, viruses, heterotrophic plate count
bacteria and Legionella as well as turbidity. In lieu of setting an MCL for the microbes,
USEPA established treatment techniques for mitigation. In 1998, USEPA promulgated
the Interim Enhanced Surface Water Treatment Rule (IESWTR) which added
cryptosporidium to the list of microbes, and it tightened turbidity requirements and added
conditions for disinfection profiling and benchmarking. While stopping short of
requiring filtration, SWTR and IESWTR all but mandate surface water systems filter
their raw water during production. Systems can avoid the filtration requirement if they
remain in constant compliance with a variety of avoidance criteria.
Over the past decade, the Massachusetts Water Resources Authority (MWRA) has
implemented a strategy to avoid filtration. MWRA provides wholesale drinking water to
2 Publication of the 10 ppb standard occurred just prior to the departure of the Clinton administration; the
reversal occurred just months after assumption by the Bush administration.
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communities in the Boston metropolitan area, and its finished water is currently
unfiltered. Starting in the early 1990's, MWRA began to execute initiatives that would
allow it to avoid filtration while simultaneously preparing to include filtration for a
proposed water treatment plant if the avoidance strategy were to fail. By the mid to late
90's, USEPA had grown dissatisfied with MWRA's filtration avoidance progress and
ordered MWRA to include filtration at MWRA's new Walnut Hill Treatment Plant.
MWRA contested USEPA's order, and in 1998, US Department of Justice filed an action
on behalf of USEPA in US District Court to require filtration. Part of MWRA's
contention was that investments to improve the condition of the service area's distribution
system would have greater impacts upon overall water quality than would the addition of
filtration. In the end, the court agreed with MWRA's arguments.
SWTR and IESWTR are examples of regulatory preference to establish rote
technology requirements in the absence of definitive contaminant standards. In an era of
constrained resources, this preference may require greater flexibility. In his decision in
United States v. MWRA, U.S. District Court Judge Richard G. Steams listed a quote in
his conclusions of fact and law:
The ... reason that it matters whether the nation spends too much to buy a little extra safety
is that the resources available to combat health risks are not limitless (Breyer 1993).
Judge Steams ruled that MWRA could continue to avoid the filtration requirement
largely because of its comprehensive strategy to safeguard its drinking water quality and
a reasoned benefit-cost analysis of its approach.
The situations described above highlight the intricacies of designing effective
environmental strategies when resources are limited and risks are not fully understood.
All the while, the regulated industry, an interested public and various environmental
organizations maintain a watchful eye upon the process. The contaminant by
contaminant regulatory approach is nearly destined for controversy, but regardless of how
current and future debates are resolved, one conclusion is clear: establishing and
implementing effective water quality regulations will remain a delicate and complex task.
Chapter 1 24
1.3.4 Market Forces
1.3.4.1 Rediscovery of Alternative Delivery Systems
In the post-World War II era, the delivery mechanisms that drove the nation's early
infrastructure development lay dormant as the country's method of procuring
infrastructure evolved to rely upon a single system, design-bid-build (Miller 1995). Over
the last ten to fifteen years, however, many public owners have rediscovered the potential
value of other delivery systems such as design-build, design-build-operate or design-
build-finance-operate. In addition, several owners have transferred the responsibility for
long-term operation and maintenance (O&M) of infrastructure systems to private
operators via contract. Arguments for these choices include opportunities to leverage
private sector expertise and capital, to predict operational funding requirements, and to
realize lifecycle cost reductions through the integration of delivery activities and private
sector efficiencies that are honed in competitive markets. Several municipalities within
the water industry have selected these alternative arrangements to support their
responsibility to provide water in their communities. Notable examples include Seattle
Public Utilities' delivery of its Tolt River and Cedar River Water Treatment Plants using
25 year design-build-operate contracts and the City of Atlanta's 20 year O&M contract
with United Water.3 Seattle expects to save approximately $70 million over the 25-year
concession period for the design, construction and operation of the Tolt Water Treatment
Plant (Seattle Public Utilities 1999). Atlanta's decision was based upon their expectation
that a system-wide O&M contract would substantially reduce operations costs in the
near-term to allow stabilization of water rates and implementation of a significant capital
improvement program (Salo et al. 1998).
1.3.4.2 Posturing by the Private Sector
As these alternatives for facility delivery and service provision began to re-emerge in
scattered communities throughout America, private sector players moved quickly and
aggressively to posture themselves to take advantage of the untapped US water markets.
Since 1999, many major players in the European water industry have completed
3 The contract includes operation and maintenance of: (1) a city-owned 100 million gallon per day (MGD)
treatment facility and (2) the city's distribution system.
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acquisitions of American companies. For instance, Vivendi, based in France, acquired
U.S. Filter, a leading provider of commercial, industrial, municipal, and residential water
and wastewater treatment systems, products, and services in the United States. Vivendi
then fused Professional Services Group, the operating arm of another acquisition, with
the U.S. Filter subsidiary U.S. Filter Operating Services Group to create a "new"
company marketed as U.S. Filter Operating Services. Lyonnaise des Eaux, also based in
France, acquired United Water, a provider of water to over 7 million people in seventeen
US states and Canada. Thames Water, based in Great Britain, acquired Elizabethtown
Corporation, a provider of water to fifty-four municipalities in central New Jersey. Other
moves have been made throughout the industry as it consolidates and aligns itself to
exploit the changing landscape of water provision in the United States.4 These private
companies are aggressively marketing the services they provide and the advantages they
purport to offer. United Water's marketing literature promotes flexible solutions to
municipal water supply problems through public-private partnerships that allow the
municipality to retain ownership of its assets while gaining cost-effective professional
management. U.S. Filter advertises public-private partnership benefits of reduced costs,
rate stability and performance guarantees.
1.3.5 Systemic Forces
The supporting infrastructure of many water systems in our national portfolio is over
a century old, and numerous studies and publications have cataloged the deterioration of
our national infrastructure.5 Choate and Walter's America in Ruins was one of the first
publications to bring national attention to a "pending infrastructure crisis" (Choate and
Walter 1981). If nothing else, their work helped stir the research community to action.
Organizations representing the public works, engineering, urban planning and public
finance communities began initiatives designed to improve public sector infrastructure,
4 See Reinhardt, W. G. (2000). "1999 Water/Wastewater Outsourcing Survey." Public Works Financing,
138, 1-18.
5 The magnitude of publications about this topic in the last two decades is quite staggering. The list
includes the National Council on Public Works Improvement's Fragile Foundations, EPA's Drinking Water
Infrastructure Needs Survey, ASCE's Report Card on American Infrastructure, and Water Infrastructure
Network's Clean Safe Water for the 2 1't Century.
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management, and services. A variety of publications to assist owners of public
infrastructure were developed during the 80's, and some of the initiatives started then are
still ongoing.6 Regardless of the merit given to the various estimates of infrastructure
needs, a prolonged effort to renew and replace components and sub-systems of our
national water systems is a logical expectation. Community water systems, like most
utilities, are capital-intensive; they include reservoirs, aqueducts, treatment facilities,
distribution networks and service connections, and over time, these capital facilities will
undoubtedly require renewal, replacement and upgrade. A recent study by the American
Water Works Association suggests that inevitable capital cycles are further exacerbated
by accidents of history. Their study indicates that pipes installed in different eras are
simultaneously approaching the end of their design lives because of varying material
quality and manufacturing techniques in different eras (American Water Works
Association 2001).
1.4 Challenges Ahead
Close review of the forces driving the industry suggests several conclusions that are
worthy of consideration.
* Federal devolution is unlikely to change. Federal outlays for water and
wastewater infrastructure have been declining since 1980. Even if this trend were
to reverse, it is doubtful that the federal government could free enough funds from
its discretionary pool to make a significant difference.
* Water system capital requirements are constant. Community water systems
are capital-intensive, and often physical plant comprises more than 70% of a
water enterprise's assets. Until less capital-intensive alternatives for public water
supply are developed, system expansion, upgrade, renewal and replacement are
6 The Governmental Accounting Standards Board (GASB) was organized in 1984 to establish and improve
standards of accounting and financial reporting for state and local governments. Recently, GASB has
issued new, but controversial, requirements for the annual reports of state and local governments that are
designed to better account for infrastructure depreciation. Additional examples include the Government
Finance Research Center's 1983 Building Prosperity a guide to financing public infrastructure for economic
development, the Urban Institute's 1984 Guides to Managing Urban Capital Series that includes six
volumes, and various ASCE Conference Proceedings about the subject.
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ongoing tasks. Essentially, a majority of our national water systems are
approaching the end of their first lifecycle. Does the cycle stop here? Does the
horizon not include second, third and fourth cycles?
" The regulatory dance to establish standards for drinking water safety shall
continue. Our national system for orchestrating water quality science and
regulation is only a quarter of a century old, and our collective understanding of
the threats to public health that drinking water contaminants pose has only just
begun. Disagreements over the proper balance between the risks and the costs of
mitigation are nearly certain. In addition, local and state governments are more
likely to challenge federal mandates when they are providing the lion's share of
the financing for water quality improvements.
" Water supplies are finite and not always available when or where
communities want or need them. Patterns of growth suggest that recent social
and economic choices about migration and development do not currently view
local availability of water supply as a discriminator during such decisions.
Nevada, one of the nation's driest states, has had the highest rate of growth for the
past four decades. In addition, weather patterns change, and regions that are
accustomed to abundant rainfall can experience shortfalls that impact the
availability and quality of raw water. Whether such conditions occur at opportune
moments or not is a matter of chance.
" Integrated facility delivery and substitute private O&M are here to stay.
Infrastructure owners throughout the United States have begun the process of re-
discovering delivery systems that integrate design, construction and operation. If
anecdotal evidence about the projected cost savings of integrated delivery
becomes empirical, the proliferation of integrated delivery will increase. In
addition, the large European water companies have not positioned themselves
within the American market for a temporary visit. They are prepared to exploit
opportunities as they arise, and the arguments that they proffer about access to
technology and capital, cost efficiencies, rate stability and performance
guarantees are rather persuasive, particularly for cash-strapped municipalities.
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The evidence and conclusions just presented suggest that the face of the water
industry is changing. The industry was once self-policing and locally controlled; now it is
subject to far greater state and federal oversight. Municipal system operation was a safe
assumption in the past, but now other alternatives exist. The principal capital challenge
of the past century was system development; in the coming century, competing renewal
and replacement needs must be balanced against requirements of system expansion as
well as water quality. Finally, society now seems to assume that engineering solutions
can be found for issues of water supply availability. These shifts present three distinct
classes of challenges for the industry. First, water system capital requirements over the
next century are undoubtedly significant since water quality standards are tightening,
system components are deteriorating and populations are migrating and expanding.
Second, the substitution of private sector management and services is a tangible threat to
existing public water institutions, so competitiveness and efficiency have become far
more important and are correctly viewed as mechanisms for reducing development and
operations costs to cope with capital needs. According to a recent national survey, at
least 35% of communities said they expect to consider some form of a public-private
partnership in the near future (Dysard 1999). In addition, the industry is keenly aware of
the competitiveness issue. The entire November 1999 issue of the Journal of American
Water Works Association was dedicated to the subject, and articles about it and related
topics regularly appear in industry literature. Finally, the rates and patterns of national
growth are likely to strain available water supplies particularly in specific geographic
regions and in most, if not all, urban centers during periods of drought.
1.5 Current Environment within the US Water Industry
To date, response within the industry to the changes and challenges afoot is somewhat
disappointing as differing ideological camps posture themselves. The current national
debate within the industry centers upon the role of the federal government over the next
quarter century. The seeds of this debate were sown a little more than a decade ago when
Wade Miller & Associates delivered a report to the National Council on Public Works
Improvement in 1987. Commissioned to evaluate studies during the 80's that projected
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significant capital needs for national water systems, two of the report's major findings
follow:
A national water supply "infrastructure gap" of the magnitude that would require a substantial
federal subsidy does not exist. Water utilities experiencing revenue shortfalls generally do
not charge rates which cover the full costs of the utility.
While there is an infrastructure problem of considerable magnitude in some (primarily
northeastern) cities, urban water supply systems as a whole do not constitute a national
problem.7
In the course of evaluating the various needs estimates, the report also casts doubt
upon the accuracy of such estimates and questions their overall value for national policy
development and analysis (Wade Miller and Associates 1987). It suggests that "national
water supply needs studies, realistically, serve best to attract attention to the scale of
national water supply needs. A needs estimate, even a large one, does not alone imply
that policy changes are necessary".8 Whether the findings of this report are correlated
with the recent trends of decreasing federal outlays for water and wastewater
infrastructure is unknown. Its conclusions, if warranted, certainly would provide
justification for the federal devolution.
In 2000, the Water Infrastructure Network (WIN), a consortium of water, wastewater,
government, and professional groups, presented a report to Congress concluding:
America's water and wastewater systems face an estimated funding gap of $23 billion a year
between current investments in infrastructure and the investments that will be needed
annually over the next 20 years to replace aging and failing pipes and meet mandates of the
Clean Water Act and Safe Drinking Water Act. Of this total, water systems account for $11
billion a year and wastewater systems account for $12 billion a year.9
WIN recommends a substantial federal role in the financing of these projected
requirements through direct grants from the General Fund, the establishment of a
7 Wade Miller & Associates. (1987). The Nation's Public Works: Report on Water Supply, p. i.
'Ibid., p. 43.
9 Water Infrastructure Network. (2000). Clean & Safe Waterfor the 21s' Century, p. ES-i.
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dedicated Clean and Safe Water Trust Fund, or other forms of targeted assistance. WIN
concludes that without a renewed federal commitment to water and wastewater
infrastructure, the investments that are necessary over the next 20 years may not be made,
thus the nation "risks reversing the environmental, public health and economic gains of
the last three decades". 10 WIN also argues that without federal assistance local water
utilities will be forced to increase rates beyond what is considered affordable for many
lower income households to cover needed capital expenses and future operating and
maintenance costs. In addition, WIN counters arguments for increased private sector
investment by pointing out that private capital is generally more expensive than tax-
exempt public capital, and the issue is really not about the capacity of public capital
markets but the ability of enterprises to repay debt (Water Infrastructure Network 2000).
The American Society of Civil Engineers (ASCE) makes use of WIN's estimates and
presents a similar contention in its 2001 Report Cardfor America's Infrastructure
(American Society of Civil Engineers 2001). ASCE assigned the nation's drinking water
systems a letter grade of "D", and it argues that "the case for federal investment is
compelling. Needs are large and unprecedented; in many locations, local sources cannot
be expected to meet this challenge alone"."I
In February 2001, the H20 Coalition, a group representing private water companies,
equipment manufacturers, and advocates of public-private partnerships, challenged
WIN's conclusions suggesting that creating a federal program represents a step backward
for an industry that has already evolved away from dependency on federal grants (H20
Coalition 2001). In an issue paper published recently, the Coalition writes:
Some federal assistance, including grants and loans with forgiveness of principal, may be
appropriate in the short or intermediate term to help those utilities (both public and private)
where a substantial portion of their customers cannot afford cost based rates. However, we
believe that such assistance must be used very judiciously to avoid having the industry
'0 Ibid., p. ES-1.
" ASCE. (2001). Report Card for America's Infrastructure: Drinking Water Fact Sheet, p. 1.
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become subsidy dependent. Long-term subsidies will reduce the incentive for the industry to
improve its efficiencies and to develop lasting solutions.12
The Coalition also argues that water utilities should move toward becoming self-
sustaining, like other utility sectors such as electric and gas. In addition, they suggest that
cost-of-service rates send "the proper economic signals to consumers, helping to ensure
they make appropriate choices about water use".
These differing positions about US water systems and infrastructure leave policy
makers, owners and industry participants to sort through the accounts presented and to
draw their own conclusions. Confusion over proper strategies and policies is only natural
amidst such conflicting arguments and evidence. Undoubtedly, the reports highlighted
arose from camps representing different constituents, and such groups are prone to
painting pictures that accord with their stakeholders. The significance of this debate,
however, cannot be overemphasized. The two sides describe divergent paths, and the
one taken will define the industry's near-term structure. One hand indicates a pending
crisis that necessitates substantial federal assistance while the other suggests staying the
course towards self-sufficiency. At stake is the central strategic issue of the sustained
provision of effective water services at a reasonable cost. Certainly, the pressure to
deliver safe and reliable drinking water shall remain constant, but the means to achieve
this end can certainly differ. Surprisingly absent from the debate, however, is objective
evidence of the state of the industry, and without it, this discussion can be fairly
characterized as one of ideology. Rather than relying upon sponsored reports
periodically to describe and evaluate the industry, perhaps the time has come to take a
different approach.
1.6 Research Opportunity
The flux within the industry offers an opportunity for a reality check to evaluate
where the industry stands and where it should head. Critical examination is necessary
1 H20 Coalition. (2001). What Is the Water Infrastructure Problem and What Are the Solutions?, p. 1.
13 Ibid., p. 1.
Chapter 1 32
before premature decisions are made that are possibly based upon convenience,
expedience or tradition. Questions that need answers include:
* What is the state of the industry and how prepared is it to fulfill its obligations
amidst the forces driving it?
" What management policies are appropriate to improve water provision?
" What alternatives are available to improve the provision of water nation-wide?
Are these alternatives viable?
" Which enterprises are performing well and which ones are performing poorly?
What are the strong enterprises doing that the weaker ones are not?
A clear obstacle to effective industry characterization, however, is the lack of actively
applied, reasonably reliable, and comprehensive metrics that can facilitate both
systematic and comparative analysis within the industry. USEPA does periodically
gather and publish data about community water systems in its surveys to support its
regulatory functions, and currently, these surveys are probably the best source of
information about the state of the industry. Unfortunately, the data and metrics presented
do not adequately support assessments of individual systems and comparisons between
enterprises. In addition, the "snapshots" taken by USEPA are several years apart. Recent
attention to the subject of metrics has resulted in the proposal of various indicators, but
few have been tested and consistently applied. Without them, however, debates about the
industry, such as the condition of infrastructure and the funding capacity of the
responsible enterprises, will remain mired behind independent studies sponsored by
parties of differing ideologies.
1.7 Research Theory, Intent and Approach
These circumstances provide the motivation to develop and apply a methodology to
describe public water systems in our national portfolio. The theory and intent of the
research are rather straightforward:
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Theory: a methodology to characterize water system infrastructure and management
provides a basis for: (a) understanding the state of systems within the national
portfolio, and (b) guiding strategic assessment and policy development.
Intent: the methodology shall deploy a set of common, core indicators that support
widespread and active description of water systems, and the methodology will
provide a platform for sustained research of the water industry.
Stated more simply, a set of indicators shall serve as the basis for understanding the
state of individual water systems and the water industry as a whole over time. Armed
with these indicators, decision-makers are better equipped to assess what is going on at
an enterprise and industry level to support strategic planning and policy development.
Figure 1-2 provides a conceptual illustration.
Baseline +1 +2 +3
Figure 1-3 Core Indicators as a Platform for Sustained Research of Water Industry
Samples are drawn periodically, and each sample is populated with "snapshots" of
different water systems. Each "snapshot" contains the set of common indicators for a
system, so a decision-maker can monitor trends for individual systems as well as sample
statistics for each indicator, such as an indicator's mean or standard deviation.
Essentially, the indicators act as a consistent gauge of enterprise and industry character
and performance.
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The approach of the research is equally straightforward:
Approach: Build the characterization methodology and apply it to a national cross
section to: (a) validate the methodology, and (b) draw conclusions about the current
state of the US water industry to contribute objective evidence to ongoing discussions
about national water provision.
The national cross section includes twenty-nine enterprises that are scattered across the
United States as illustrated in Figure 1-4. The metropolitan areas that they serve all rank
in the top 50 metropolitan statistical areas by population according to 1999 estimates of
the US Census Bureau. Three of the twenty-nine are wholesale water suppliers
exclusively; the remainder provides either retail water services or retail and wholesale
water services. In FY99, these systems provided water to over 57 million people (over
20% of US population), had total assets of more than $52 billion, had more than $9
billion of construction in progress and had operating revenues of over $6 billion.
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Figure 1-4 Enterprises in the National Cross Section
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1.8 Organization of Thesis
The thesis is presented in six chapters with several appendices.
Chapter 2 - Foundations of the Research Program provides the background of an
emerging discipline, engineering systems integration, and describes how this research
builds upon work started at MIT in the early 1990's.
Chapter 3 - Building the Methodology outlines the development of the
characterization methodology by describing an analytic framework, a pool of trial
indicators, and an enterprise database. This discussion highlights the evolution of the
research and the ultimate selection of the common, core indicators.
Chapter 4 - Characterization of National Cross Section presents the results of the
methodology's application to the national cross section. Numerous observations are
made about the cross section that are representative of large water systems in the national
portfolio.
Chapter 5 - Conclusions and Recommendations presents the conclusions drawn as a
result of the characterization of the cross section. In addition, recommendations to
improve national water provision are made for public owners, enterprise managers and
federal and state policy-makers.
Chapter 6 - Looking Ahead describes steps toward a sustainable future, discusses
areas of future work, reviews some of the strengths and weaknesses of the methodology,
and provides some final thoughts.
The Appendices summarize development and application aspects of the methodology,
national cross section data, and various supporting data and calculations.
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Chapter 2 FOUNDATIONS OF THE RESEARCH PROGRAM
"The world we have created today...has problems which cannot be
solved by thinking the way we thought when we created them."
Albert Einstein
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2.1 Foundation
Since World War II, the American strategy for infrastructure procurement and
development has relied upon a segmented and publicly funded approach, design-bid-
build (DBB). While this strategy was used to implement massive federal investment in
highways, transit systems, and wastewater treatment, it has restricted state and local
flexibility in aligning the procurement process to achieve best value for locally funded
projects. Even though federal funding for infrastructure has significantly diminished of
late, numerous participants in national infrastructure debates suggest that the only
solution is a return to an increased federal role. With the endless demands upon finite
federal discretionary dollars, this is not a viable solution nor does it necessarily encourage
improvements to local, regional, or national water supply.
Many within the engineering, procurement, and construction community in the
United States have now recognized the limitations of a strategy designed to support a
single delivery method, and the shifts underway in the water industry are characteristic of
the flux found across all infrastructure sectors. Those searching for real solutions to their
infrastructure problems have employed a variety of means to fulfill the demand for vital
infrastructure services. The Infrastructure Systems Development Research team (ISDR)
at MIT has actively researched such approaches to discover viable methods for the
delivery, management, and sustainment of civil infrastructure systems. A progression of
research efforts has supported the overall objectives of the program including case study
development, historical research of American infrastructure, municipal infrastructure
modeling and analysis, and the evolution and deployment of a decision support system
for capital programming.
The foundations for this work began with Gordon's study of the selection of project
delivery methods (Gordon 1991; Gordon 1994). After reviewing a variety of projects, he
suggested that an owner must first understand the various components of the delivery
methods, the characteristics of the proposed project, and their own abilities. Then,
through the application of sets of project, owner, and market drivers, risk-allocation
analysis, and commodity versus service analysis, an owner can determine feasible
alternatives for project delivery. His pioneering work established that for most projects,
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the fundamental question facing owners is the elimination of inappropriate project
delivery and financing strategies rather than the identification of a correct one.
Miller (1995) continued the evaluation of the impacts of project delivery strategies at
the national level. Through the development and application of an operational
framework, his research reviewed past and current approaches for American
infrastructure delivery along two dimensions, integration of delivery and source of
finance. Miller concluded that more than one practical, viable project delivery option
exists for most major public works projects, and a sustainable, national infrastructure
procurement strategy recognizes that the method of delivery is a variable for analysis and
management. Our national approach to infrastructure provision should then employ
various delivery and financing strategies simultaneously where individual project
development strategies are dependent upon the needs of the public sector and the
characteristics of the project. By opting for a "dual-track" approach where integrated
service contracts or private finance are possible, public infrastructure owners might
realize lifecycle cost reductions or push financially viable capital projects into the private
sector, thereby reserving scarce public funds for allocation to projects that cannot support
themselves.
With the groundwork established, Miller proceeded to explore the impacts of re-
introducing project delivery and finance as variables upon an owner's project portfolio
(Miller 1997; Miller et al. 2000). Ultimately, this re-introduction provides an owner a
choice among project development approaches and significantly redefines the roles of
both the owner and the project participants in the process. Figure 2-1 depicts the "new"
environment.1 4 As is evident from the figure, an open process where owners may choose
the project's development sequence changes the mix of roles and responsibilities for all
parties involved. Owners are challenged to discover which projects might benefit from
the integration of production activities and which projects are viable candidates for
private finance. The focus upon a project's life cycle places new emphasis upon the
14 This environment is not really "new" since the federal government utilized multiple development
strategies prior to World War II; however, it is certainly a departure from the federal approach over the last
half of the 20 century.
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operations and maintenance (O&M) period where owners can opt to include O&M in the
initial service agreement or contract separately for pure O&M following design and
construction. Similarly, private sector participants are presented new opportunities to
pursue a variety of markets that would evolve; the most tangible markets would be those
requiring integrated or O&M services while other secondary opportunities would develop
for the preparation of functional designs and the independent evaluation of integrated
service proposals.
New Delivery Lifecycle
,= Procurement
Identification of
Owner Need
Construction
Project Configuration: Contract & Contractor O&M Contract Renovation or
Functional Design Schematic Design Financing Value & Financing Decommissioning
Lifecycle Cash Flow Desi n Develo ment Strate En ineerin Strate
Analysis DBB/
Project Delivery O&M Independen Construction Cost and Construction OperationsOptions Analysis Government Value Documents a n & Maintenance
Financing Engmneenn Aalsi
Contract Design and Construction/ Opea M Contract Operations Renovation or
Procurement Government Value Engineering/Cost & Financing & Mainltenanc Decommissioning
Strategy iancig t & Schedule Analysis Strategy
DBO
Government Design, Construction, Operations & Maintenance/ Renovation or
Financin Value Engineering/Cost and Schedule Analysis Dec
Private or De d sign, Construction, Operations & Ma11tenan!e/ Renovation or
Mixed EVgalue Engineering/Cost and Schedule Anaysis Decomiissioncineg
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Figure 2-1 An Open Procurement Environment (Miller et. al. 2000)
The new approach capitalizes upon the differences between the public and private
sectors by recognizing that each can contribute in ways that are amenable to their
inherent strengths. The public sector can best:
" Identify public needs and projects
" Align economic and infrastructure strategies
" Establish government commitment to viable projects and delivery processes
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" Provide a fair competitive environment for private sector participation
" Establish reliable commitments for infrastructure financing
" Impose and manage market externalities such as permitting and environmental
protection
The private sector can best:
* Contribute efficient competencies that are managed and honed in competitive
markets
* Develop and introduce innovations in technology, design, construction, and
operation processes
* Provide independent competitive checks of the technical and economic viability
of projects
* Provide an alternative source of financing when projects are potentially self
sufficient
The ideology behind allowing the public sector to use all available contract procurement
strategies is based on the belief that the public and private sectors can collectively
provide the best services to meet the growing needs of American infrastructure.
Together, the public and private sector must strive to improve the quality of national
infrastructure assets through proper allocation of financial risk and the encouragement of
innovation.
2.2 Fundamental Elements of Infrastructure Delivery and Management
Civil engineers are uniquely positioned to exploit the opportunities offered within an
open environment for the delivery of infrastructure. No other profession possesses
similar knowledge of civil infrastructure systems, so the challenge for the profession is to
balance this expertise with emerging skills. In an open environment, the tasks
confronting engineers are profoundly different since the delivery strategy is no longer
predetermined. Now, engineers can investigate different configurations for finance,
design, construction, and operations. Similar challenges are afforded to owners of
infrastructure. Miller's conclusion is that this environment gives rise to a "new"
discipline of engineering systems integration. Figure 2-2 illustrates the fundamental
elements of infrastructure delivery and management, and the analysis and configuration
of these elements define the tasks confronting the engineering systems "integrator".
Indeed, the identification of system needs and condition coupled with the exploration of
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alternative financing and production strategies requires different and emerging skills than
those traditionally harbored by civil engineers. Comprehension of operating,
management and financial systems must complement an engineer's core knowledge of
engineering systems. With this combined understanding, engineers are better equipped to
attack pending civil infrastructure challenges.
Needs/Condition
Assessment
Operations & Finance
Maintenance Strategy
Systems
Analysis
Construction Design
Methods Alternatives
Technology
Selection
Figure 2-2 Fundamental Elements of Infrastructure Delivery & Management
Research to date at MIT suggests that reconfiguration of these elements offers
opportunities for profound shifts and notable impacts upon infrastructure delivery and
management, rather than marginal improvements. As the nation confronts the daunting
responsibility of replacing and renewing its existing infrastructure base along with the
inevitable requirements of expansion to accommodate growth, civil engineers must seek
alternatives that can provide the balance of the technology and financing necessary.
Incremental changes to delivery and management strategies only will certainly fall short,
and the platform upon which our national economy depends could fail to support
sustained economic progress and national welfare. Further, singular reliance on federal
funding will not contribute the difference. This is the challenge ahead, and the search for
windfall solutions must become the mantra of the systems integrator.
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2.3 Signal Strategies: Delivery of the Tolt River Water Treatment Plant
A demonstration is, perhaps, the best approach to illustrate the types of profound
shifts that can have immediate and sizeable impacts upon civil infrastructure delivery and
management. One excellent example is the recent delivery of the Tolt River Water
Treatment Plant in Seattle, Washington. The City of Seattle has two primary sources of
water, the Cedar River watershed in the south and the Tolt River watershed in the north.
Approximately, two-thirds of the City's water is provided from the Cedar River with the
balance coming from Tolt. Unfortunately, the Tolt supply experiences tremendous
fluctuations in turbidity, and the existing production facility did not possess the
technology to handle the higher levels of turbidity which limited the water supply
system's flexibility and reliability. Accordingly, the City planned to construct a new
treatment facility to remedy the situation.
Initially, the City expected to deliver the new facility by DBB; in fact, they had
completed a conceptual design of a new 120 million gallon per day (MGD) facility and
established a preliminary cost estimate of $156 million for the construction of the plant
and 25 years of operation and renewal. Following enabling legislation passed in 1994,
however, the City began exploring the possible use of a design-build-operate (DBO)
arrangement for delivery. City officials felt that DBO proposals in response to a well-
defined functional description of the project could allow the private sector the most
flexibility to implement innovative solutions at a lower life cycle cost. After some
discussion and debate, the City decided to request DBO proposals; however, to be
considered responsive, a proposal had to meet the conditions specified in the RFP and
produce a minimum savings of 15% over the estimated cost of pursuing the project
through DBB. The RFP required respondents to submit one package based upon
technical criteria that would allow compliance with current drinking water standards
(Proposal A) and a second package based upon criteria that would allow compliance with
future drinking water standards that could be reasonably anticipated (Proposal B).
Original proposals were received at the end of 1996, and best and final proposals
were submitted from four teams in February of 1997. By March, Seattle's City Council
formally authorized proceeding with the award of a DBO contract since all best and final
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proposals met the project's technical requirements and substantially exceeded the
required 15% savings mark. By May, the City concluded negotiations with CDM Philip
(now Azurix CDM), a joint venture team, at a final cost of $101 million for the Proposal
B package. With an estimated conventional delivery cost of $171 million for Proposal B,
the City expects to save approximately $70 million over the project's life cycle.' 5
In December of 2000, the design and construction of the new facility were
substantially complete, so the operations phase of the project is underway. Time will tell
if the anticipated savings of $70 million become real or not, but preliminary indications
remain positive. Seattle's procurement demonstrates how profound an impact that a
reconfiguration of the elements of delivery and management can have, if approached
intelligently. Seattle first developed a functional design and cost estimate that allowed
them to craft a well-defined scope for the project and establish technical and quality
criteria. Additionally, the functional design and estimate served as a benchmark to
compare the DBO proposals received against. Throughout the process, the City also
retained the services of an engineering consultant to act as its independent agent to advise
the City and to assist with the evaluation of incoming proposals. In the end, the City
knew what it expected to receive and what level of savings it wanted while it allowed the
private sector the flexibility to respond with different alternatives of design and
technology that fulfilled the project's requirements. Consequently, the City has received
a state-of-the-art facility and can plan to redirect the expected savings to other areas in
need of financial resources.
2.4 Building Upon the Foundation
Past research efforts at MIT have focused upon strategies and approaches for
delivering infrastructure after the identification of a worthy collection of projects. The
first and probably most difficult task confronting an engineering systems integrator (or an
owner), however, is the identification of a system's or an enterprise's needs. Without this
prerequisite, one cannot effectively deploy the tools of analysis to evaluate different
15 This is slightly higher than the original $156 million estimate which was based upon the criteria for
Proposal A.
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configurations of design, finance, and technology. Unfortunately, many water system
requirements are not as concrete as the Seattle example where the need to develop a new
facility to handle turbidity fluctuations was fairly obvious. Often, the most troubling
dilemma, which confronts local managers to national policymakers, is the effective
assessment of existing infrastructure to determine renewal and replacement requirements.
This task, coupled with the evaluation of the enterprises responsible for the provision of
water services and the stewardship of vital infrastructure assets, is a daunting one. The
first problem is determining the extent and location of reinvestment needs, and the second
is determining the capacity of the responsible enterprise to obtain and direct funding to
meet those needs in a responsible fashion and at a reasonable cost.
A clear obstacle is the lack of consistently applied and reasonably reliable metrics
that can facilitate both systematic and comparative analysis of infrastructure systems and
the responsible enterprises. Recent attention to this subject has produced some progress,
but the application of dependable metrics remains problematic. This research effort
continues the work begun by Gordon and Miller to discover rational, impartial
approaches to effectively deliver and manage our infrastructure base. Its focus is upon
the water industry since the flux found in this infrastructure sector is resolute, and its
objective is to create a set of indicators that can be applied to support the characterization
and analysis of water enterprises and their supporting infrastructure.
The research is a multi-disciplinary effort that relies upon concepts from the fields of
water supply engineering and management, engineering economics and organizational
and financial management. This work is consistent with the thesis of the emerging
systems integration discipline that demands the synthesis of technical and managerial
theories and practices. Certainly, an attempt to commonly characterize water systems
and enterprises using only basic financial and operating data is a daunting challenge. The
effort requires solid comprehension of how these systems are designed, configured,
operated and managed. To guide strategic decision-making processes, the approach must
identify cues of system needs that result from asset deterioration and obsolescence or
service area growth. In addition, recognition of the nuances of accounting conventions
and financial reporting is necessary to normalize financial data that may have been
manipulated for advantage. The tools resulting from this research still rely on informed
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judgment; as such, they represent an opportunity for civil engineers to broaden their
participation in the search for solutions to national infrastructure challenges.
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Chapter 3 BUILDING THE METHODOLOGY
"Simplicity! Simplicity! Simplicity! I say, let your affairs be as two or
three, and not a hundred or a thousand. .simplicity of life and
elevation of purpose."
Henry David Thoreau
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3.1 Introduction
Undoubtedly, the attributes of the systems and enterprises responsible for providing
drinking water to the nation's population will differ. Local geographic, political, and
economic conditions will differentiate the systems scattered throughout the United States,
but similarities between systems will certainly exist. Likewise, all systems share the goal
of providing safe drinking water to their consumers, and while the means of doing so may
vary somewhat, this shared purpose should permit a consistent strategic assessment
methodology for all systems. Common grounds for describing any enterprise permits
ready classification according to its characteristics. Through this structuring process, the
collective character of all the enterprises described suggests the overall condition of the
larger industry. In addition, groups of similar enterprises can be created and intra or inter
group attributes analyzed.
Indicators drive the characterization process, and they were crafted to rely on basic
financial and operating data drawn from the typical report suite of public water
enterprises. This approach permits widespread and active application of the methodology
and avoids having to survey organizations to collect data. Three components supported
the development of the characterization methodology: (a) an analytic framework, (b) a
trial indicator pool and (c) an enterprise database. The framework was designed to guide
the deployment of the indicators since indicators alone are not likely to provide the
proper perspective without an organizing backdrop. The trial indicators were selected
through synthesis and development, and the indicators combine metrics developed by this
research with various metrics proposed by others. The indicators are arrayed in seven
areas according to factors assigned within each area, and where appropriate, thresholds
are proposed to convey the status of an indicator against a recognized standard or
statistical average. Finally, an enterprise database was created by compiling basic
financial and operating data from the typical report suite of public water enterprises as
well as other secondary sources.
The approach taken to identify the core indicators is illustrated in Figure 3-1, and the
method of selecting core indicators is best described as one of trial and error. Through an
iterative process, trial indicators were applied to different data samples drawn from the
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enterprise database. Indicators were "filtered" according to three criteria: (a)
applicability, (b) reliability and (c) utility. First, an indicator needed to be applicable to
the data available in the typical report suite of public water enterprises to insure
widespread and active use. Indicators that required information not widely found in these
sources of data were placed in a supplementary pool. Second, an indicator had to be
consistently reliable for the purpose of its application. Several trial indicators were
discarded since some data definitions between enterprises were inconsistent. For
example, quantifying an enterprise's service area was rather troubling since
differentiating between retail and wholesale service areas was rather difficult. Finally, an
indicator had to support the analytic framework with meaningful information. Iterative
testing continued until indicators that consistently met all three criteria were discovered.
Data Samples Trial Indicators
N/
Enterprise Test ApplicationsEnter ise * ApplicabilityDatabase " Reliability
- Utility
Core Indicators
Figure 3-1 Selection of the Core Indicators
The remainder of the chapter describes the analytic framework, the trial indicators
and the enterprise database and concludes by presenting the core indicators that were
ultimately selected.
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3.2 The Analytic Framework
Figure 3-2 conceptually illustrates the analytic framework and its application. The
purpose of the framework is to guide the application of the core indicators to describe and
assess water systems. Descriptive indicators should suggest the structure and functions
of an enterprise as well as unique circumstances of its operating environment.
Assessment indicators should imply the capital needs of an enterprise as well as its
opportunities to access different forms of capital. Once applied, a decision-maker is
positioned to understand the basic character of an enterprise and to begin strategic or
policy evaluation. The following sections describe aspects of the analytic framework
further.
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Figure 3-2 Framework for Applying the Core Indicators
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3.2.1 Describing Enterprises and Systems
The descriptive process is designed to illustrate common, basic elements of an
enterprise, so three areas were targeted: (a) structure, (b) core functions, and (c) setting.
Certainly, systems in the national portfolio are variably governed and diversified, serving
different water sectors. Accordingly, understanding an enterprise's structure requires
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indicators that illustrate how it is governed, what sectors it serves, and what service
responsibilities it has. Determining this is not terribly difficult, and once done, a
structure "tag" may be assigned to quickly convey this information.
Similarly, enterprises may handle the basic functions necessary for the large-scale
transformation of raw water into finished water and its subsequent distribution to
consumers to varying degrees. To do so, three core functions are necessary. First, the
acquisition of raw water from a source must transpire. Next, the production of finished
water must occur as the raw water is prepared for drinking. Finally, the distribution of
finished water to the consumer base occurs. Arguably, the functions might be subdivided
further, but these three functions describe the aggregate activities necessary to deliver
drinking water from source to consumer. Indicators of core functions must delineate the
scale and scope of functional activities for any enterprise, and once determined, another
"tag" can be assigned to illustrate an enterprise's core functions.
Finally, regional or local economic and geographic conditions define the setting that
impacts a system. Population growth, economic wealth and development, and climatic
conditions will influence operating and management policies. Obviously, rapid and
extensive growth will heighten system capacity and expansion needs and water scarcity
will challenge a system's adequacy and reliability. Conversely, low growth and water
abundance offer different challenges and opportunities. Setting indicators must illustrate
local geographic and economic conditions.
3.2.2 Assessing Enterprises and Systems
As all water enterprises have basic elements that describe them, each also faces the
constant challenge of delivering safe drinking water at a reasonable cost to its service
area. Undoubtedly, service area conditions, infrastructure serviceability, and
management policy impact the quality of water services ultimately rendered. Much
national attention has focused upon water system capital needs and financing, so the
strategic assessment process centered on two areas: (a) potential capital needs and (b)
potential access to capital.
Nationwide, water systems must cope with a variety of competing capital
requirements. Needs of routine maintenance and repair, renewal and replacement, system
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expansion, water quality, and system reliability are pitted against one another. How well
an enterprise is able to balance investments to meet these requirements ultimately
determines the serviceability and reliability of the system. Wooldridge, Garvin and
Miller (Wooldridge et al. 2001) define three types of investment for assets that are
production goods: development, improvement, and sustainment.16 When a system's
capacity becomes inadequate or it requires expansion, an enterprise must invest in
development to fulfill the increasing demand for services. If a system's technologies or
components have become obsolete, then an enterprise must invest in improvement to
enhance or update levels of service. Inevitably, systems deteriorate from normal wear
and tear or neglect, so an enterprise should invest in sustainment to maintain current
levels of service and to preserve existing assets. In some cases, the categorization of
investments is not definitive. For instance, replacing existing valves in different
segments of water main could be viewed as an improvement or sustainment investment.
If the replacement valves are similar in function and technology to the existing valves,
then this is more an investment in sustainment rather than improvement. Conversely,
perhaps the replacement valves have a feature that allows them to be open and closed by
telemetry whereas the existing valves did not. This example is more an investment in
improvement than sustainment. Regardless of the classification, improvement and
sustainment investments generally are made upon existing assets, and their primary
drivers are system obsolescence and deterioration. Alternatively, development
investments generally involve the construction of new assets, and its primary driver is
system capacity. The balance of an enterprise's capital needs will generally swing
between these three investment categories depending upon system variables and
conditions, so indicators of capital needs must suggest this balance along with other
competing obligations such as water quality requirements.
Within the public sector, funding may generally be obtained from three sources: debt
instruments, external contributions, or retained earnings. The obligor's solvency and
outlook generally govern access to debt, and the determinants of external contributions
16 Most forms of infrastructure are production goods since the economic value of the infrastructure is not
linked to market consumption but rather to its value as a production factor.
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such as state or federal assistance are rather variable and often depend upon political
policies. Incremental changes to retained earnings are gained through increases in
revenues and/or decreases in expenses. An enterprise's current posture and management
policies will generally dictate the balance of capital that may be obtained, and identifying
the most opportune capital sources requires consideration of several factors
simultaneously. A highly levered enterprise may or may not have access to additional
debt depending on the condition of its rates, the growth of its revenue base, or its cost
structure. Relatively low water rates or inefficient operations that produce excessive
operating expenses reflect opportunities to implement rate increases or cost reduction
efforts to bolster retained earnings. Indicators of capital opportunities must convey the
likelihood of obtaining capital from these traditional sources.
3.3 The Trial Indicators
The descriptor indicator was carefully chosen; the intent is not to define the
indicators as either absolute performance measures or benchmarks. Too often, when
treated as such, metrics can easily be taken as gospel and skew the decision process. The
indicators are only intended to provide a reasonable representation of different aspects of
a water system. Independent analysis and judgment are still required. The most apt
analogy for the indicators is triage. They serve as a decision-maker's first-line of
diagnosis and suggest candidates for further study as depicted in Figure 3-3.
Indicators
Impact Suggest
Potential
Projects Needs
Identify
Assessments
Figure 3-3 Purpose of the Indicators
Queue
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3.3.1 Selection of Trial Indicators
One of the initial objectives of the indicator construction process was to determine a
sensible method of organization. Establishing this basis first allows flexibility. Indicator
construction, application, and verification will progress over time, with this research only
serving as a starting point. As better indicators are developed, they can replace existing
ones. Following this logic, the methodology for organization then becomes quite
important to the sustained research effort. To guide it, a model was developed which
identified the macro variables that impact and define a water utility's performance. By
first taking a comprehensive view of the system, the resulting indicators will likely avoid
fixation upon particular aspects of the system. Such a fixation can likely result in
perpetual incremental improvements in a singular area, but it can easily neglect other
areas where significant performance gaps remain. Figure 3-4 provides an illustration.
Macro variables will interact to first define the minimum performance requirements, and
these same variables will then impact a utility's ability to fulfill these minimum
requirements and to conduct discretionary activities. The infrastructure, management,
and financial systems of a water enterprise will certainly influence its ability to provide
the intended service. Similarly, the socioeconomic, political, and geographic settings will
also have an impact.
Infrastructure System Management System
Financial System
Social, Political, and Economic Setting
Geographic Setting
_II
Impact & Define
Minimum Requirements Discretionary Activity
eSafe & Reliable Delivery -Efficient System Operations
-Adequate Service -Marginal Analysis
-Responsible Wastewater Return *Sustainable Strategies
Figure 3-4 Model of Macro Variables Influencing Water Enterprises
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Utilizing this model, seven areas were selected as a basis to organize and array the
indicators: (1) geographic setting, (2) economic setting, (3) water delivery, (4) water
quality, (5) infrastructure systems, (6) management systems, and (7) financial systems.
Within each area, factors were developed that were specific to the area. Factors represent
important states within each area where indication of that state is useful to a decision-
maker. For example, within the area of "Infrastructure Systems", a decision-maker might
desire an indication of the state of the "Condition" factor. Table 3-1 illustrates the seven
areas and their respective factors. These areas and factors are far more important than the
indicators themselves since they define the conditions of interest for describing and
evaluating water systems. Over time, the indicators may change, but the areas and
factors should remain constant.
Area Factors
Geographic Setting Availability of Supply
Sensitive Ecology
General Conditions
Economic Setting Wealth
Growth
Adequacy
Water Delivery Efficiency
Reliability
Compliance
Water Quality Treatment Process
Integrated Management
Condition
Infrastructure Systems Complexity
Autonomy/Flexibility
Management Systems Efficiency
Posture
General Condition
Financial Systems Operating PostureDebt Posture
Rate Condition
Table 3-1 Indicator Areas and Factors
Review of relevant literature and research served both as a source for trial indicators
and a lesson about the difficulties and shortcomings of other efforts (Appendix B
provides a summary of other research efforts). The challenge was to select an
understandable but robust set of metrics that rely upon readily available data to minimize
the logistics "tail" necessary for the indicators. Approximately 60 trial indicators were
chosen. Concepts from fields of water supply engineering and management, engineering
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economics, and organizational and financial management provide the underpinnings for
the indicators selected. In addition, inspection of relevant literature and data,
observations of local utility management practices, and interviews with local engineering
and utility professionals granted additional insight into the selection process. Table 3-2
provides a sample indicator for each area as an illustration. A complete listing of the trial
indicators is found in Appendix C.
Area Factor Indicator Interpretation
20 regions in US which
Geographic Setting Availability of Supply Water Resources Region have unique hydrologic
& topographic profiles
Trends suggest level of
Economic Setting Growth Local Population increase/decrease in
consumer base
High percentages
Water Delivery Efficiency Unaccounted for Water suggest inefficiencies in
delivery system
Lack of filtration
Water Quality Treatment Process Filtration suggests sensitivity to
regulatory changes
Higher indicator
Infrastructure Systems Condition Infrastructure Condition suggests obsolescence(IC) and deterioration of
physical assets in place
Management Systems Efficiency Average Collection Suggests efficiency ofPeriod collections in days
Financial Systems Debt Posture Percent Long Term Debt Higher ratios suggest
__________________ ___________ __________________ greater leverage
Table 3-2 Example Indicators
3.3.2 Types of Indicators
Indicators are either qualitative or quantitative. Generally, qualitative indicators are
either purely descriptive or assigned according to definitive criteria. For example, the
water resources region of an enterprise is assigned based upon where a system is located.
Quantitative indicators are different. Some act simply as scalars giving indication of the
size of a system, an enterprise, or its characteristics such as average daily demand. Many
are ratios or percentages. Some of these are enlightening without any additional
information. For instance, reporting a system's average daily demand as a percentage of
the system's total production capacity provides meaningful information about the
system's capacity margin. This research defines this type of indicator as independent.
Others are less informative without comparative thresholds, and many indicators of this
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sort are applied to measure performance. Thresholds may be established in a number of
ways. Managers may exercise their own judgment and establish targets independently or
a field may have recognized standards for classification or performance. Other
thresholds may make use of comparative data to understand how one enterprise stacks up
against similar enterprises. Regardless, the presence of a threshold increases the value of
information provided by the indicator. This research defines this type of indicator as
comparative. Often, the difference between an independent and comparative indicator is
subtle.
3.3.3 Establishing Thresholds
Thresholds are useful to portray the relative status of an indicator. Generally,
thresholds, which are not fixed by management as performance targets, are derived
logically, by consensus, or statistically. A logical threshold is established through
rational analysis and judgment. For instance, this research logically established a
threshold for average annual precipitation. Climates in the eastern half of the United
States are either humid continental or humid subtropical while climates in the western
half are generally either semiarid, desert, or subtropical dry summer. Average annual
precipitation in the eastern half is generally 30 inches or more while in the western half it
is generally 20 inches or less.' 7 Consequently, a threshold of 30 inches was chosen to
separate areas of low to moderate precipitation from areas of high precipitation.
Thresholds established by consensus usually result from industry-wide initiatives to
develop standards or have evolved over time as a matter of common practice. For
example, the water industry generally recognizes 10% as a reasonable percentage of
unaccounted for water for a primarily retail system. Finally, statistical thresholds result
from the analysis of data samples, and these are normally measures of central tendency or
percentile breaks.
Within the water industry, thresholds are not well-defined, particularly statistical
ones. Some do exist, but they are limited. Several standing sources of data were
considered to support the establishment of appropriate thresholds for this research.
17 The climatic classifications are based upon a modified version of a classification system developed by
the German climatologist Wladimir Koppen in 1918 and precipitation data was drawn from NCDC.
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USEPA's periodic community water system surveys and AWWA's WaterStats database
were evaluated as possible candidates for this purpose. USEPA's periodic surveys do
provide statistics about the industry, but this information was judged not generally in a
valuable form for this research. AWWA's database is also a repository of data about the
industry, but it does not generally include basic financial statement data; its general focus
is operational. The use of private utility industry averages as proxies for the water
industry was also considered but rejected since private utilities are generally capitalized
and regulated differently than public water enterprises. Accordingly, this research
proposes several thresholds established statistically using samples drawn from the
enterprise database. While these thresholds are imperfect, they are judged as reasonable
estimates of industry-wide thresholds that could be established with more comprehensive
data. Further, the intent of this research is not to absolutely establish such thresholds, but
to develop and demonstrate a methodology for analysis. Future research may diminish
any shortcomings introduced here
3.3.4 Reporting Indicators
How the indicators are reported and displayed is rather significant. Hopefully, the
approach taken can convey the maximum amount of information as efficiently as
possible. For qualitative and independent indicators, a tabular report conveniently
displays nominal indicator values, so this method was chosen for these indicators. For
comparative quantitative indicators, various approaches are possible (Lane et al. 1999).
Three methods were explored for this research. The first is simply a tabular report of an
indicator's nominal value along with its respective threshold value as depicted below.
Indicator Nominal Value Threshold
Avg Collection 44 days 52 daysPeriod
While this method would prove satisfactory, another was judged more informative. The
second method divides the indicator's nominal value by its threshold to produce a
dimensionless number that conveys the indicator's value relative to the established
threshold.
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Indicator Dimensionless
Value
Avg Collection 0.85
Period
This method provides a quick indication of the indicator's status compared to the
threshold and allows preparation of graphs of multiple indicators with a common scale.
The primary disadvantage of this method is that the upper range is unbounded, but zero
bounds the lower range. Values that exceed the threshold may appear skewed when
reported with values that are less than the threshold. This recognition motivated the trial
of a third method where the dimensionless value was converted to a log scale.
Indicator Dimensionless Log Value
Value
Avg Collection 0.85 
-0.07Period
While this approach eliminates the skew, it diminishes and confuses the information
conveyed by the resulting value. Accordingly, this approach was discarded.
Another factor to consider is the consistency of the indicators when compared to the
threshold. For example, average collection period is considered favorable when it is less
than the threshold, but total asset turnover is considered favorable when it is more than
the threshold. Consistency is possible by inverting indicators that are considered
favorable when exceeding the threshold; however, since many of the comparative
indicators are commonly applied financial ratios, inversions of this sort could confuse
their interpretation. Further, defining what is a favorable state for some indicators could
prove problematic. Thus, the decision was made to report comparative indicators as a
dimensionless number calculated by dividing the actual indicator value by the established
threshold.
3.4 The Enterprise Database
Concurrent with indicator construction, an enterprise database was built to support the
research. Data was collected from the typical report suite of public water enterprises as
well as other secondary sources. The primary data set was assembled by collecting basic
operational and financial data from water enterprises throughout the United States. The
principal sources of data were annual reports, audited financial statements, water quality
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reports, consumer confidence reports, and rate schedules. These documents are already a
part of normal reporting procedures, and therefore, this approach makes use of
information that is readily available and does not introduce any new or unique reporting
requirements that might be necessary to support the characterization process. Further,
financial information is often the most tangible factor in any decision-making
environment, and thus its effectiveness is nearly certain. These sources also have a
degree of consistency and reliability that may not be found in other data sources since the
reporting of financial information follows generally accepted accounting principles and
the reporting requirements of water quality reports or consumer confidence reports are
standard. In addition, focusing upon these sources provides a gauge of the current level
of transparency within the industry since these are the chief forms of public
communication. Some basic information about each enterprise was also drawn from its
respective web page.
A Microsoft Access database was designed to store the information in appropriate
data tables. For ease of data entry, input forms were also developed. Storing the
information in a database provides several degrees of flexibility since it permits: (a) easy
modification and expansion over time, (b) nearly infinite queries on raw data to construct
ratios and to perform analyses, and (c) interface with other software packages. Statistical
and financial analyses were primarily performed in Microsoft Excel. Several Microsoft
Visual Basic scripts were written to link the database with different spreadsheets that
permitted quick updates to calculations as data was changed or modified.
Identification of candidate enterprises began with a web-based search of large utilities
in the United States. Those with retrievable annual reports, financial statements, water
quality reports, and similar documents as well as general information about the utility's
infrastructure and management systems were included as possible candidates. The initial
focus was upon the largest utilities in the United States, but the search was expanded to
ultimately survey over 1,400 utility web pages. Once complete, relevant data was
available from 63 enterprises; nearly all are classified as large systems according to
USEPA's criteria of serving populations greater than 50,000. Pertinent data was
extracted from the appropriate documents and then coded into the database.
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Diligent efforts were made to record data consistently. Specific treatment of
circumstances encountered is summarized in Appendix L. After all quality control
checks were completed, the data from 42 large enterprises was judged consistent and
reliable to serve as the primary data set. Appendix F lists these enterprises along with
some descriptive statistics. Collectively, they provide water services for over 60 million
people in the United States, which is over 20% of the total population. In FY99, their
collective total assets were over $55 billion and their operating revenues were just shy of
$7 billion. All provide water services, and many also provide other utility services such
as wastewater, gas, and power. Other sources of data also supported the research.
Detailed operational data from selected water enterprises was gathered from engineering
reports, capital plans, operating data, and press releases. Other information was gathered
from the US Census Bureau, the US Geological Survey (USGS), and the National
Climatic Data Center (NCDC). Census Bureau data was utilized for socioeconomic
information such as population growth estimates and median household income; USGS
data provided information about regional and state water use, and NCDC data provided
precipitation and climatic information.
3.5 The Core Indicators
3.5.1 Core Indicators to Describe and Assess Systems and Enterprises
After multiple trials and much deliberation, thirty-five indicators were chosen to
function as the core set in support of the framework established. These indicators are
pulled from each of the seven areas of the trial pool. They are a mix of qualitative and
quantitative indicators, and some make use of thresholds while others do not. The tables
on the following pages depict the indicators chosen; one summarizes the qualitative and
independent indicators while the other summarizes the comparative indicators. The types
and values of the developed thresholds are also depicted in the table, and the calculations
supporting the statistically established thresholds are shown in Appendix H. Appendix D
describes how to apply the indicators in support of the analytic framework while
Appendix E provides an illustrative case study of their application.
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Area Factor Indicator Possible States Interpretation
Geographic Setting Availability of Supply Water Resources Region 1 of 20 Regions in US regions have unique hydrology and topography
Water Delivery Reliability Single Source True or False Single source suggests vulnerability toWaterDeiery Reibiiye ntPdinterruptions; also inf sys complexity indicator
Wate Deivey Rliablit Pecen Prouce 0-00% Higher percentages suggest less reliance on
Wate Deivey Reiablit PerentProuced0 
-1~% others; also inf sys. complexity indicator
Water Delivery Reliability Percent Purchased 0 - 100% Higher percentages suggest greater dependence
upon others; also inf system complexity indicator
Avg Day Demand / Higher percentages suggest greater stress andWater Delivery Adequacy Production Capacity 0 - 10% decreasing capacity margin
Max Day Demand / 0-10% Higher percentages suggest greater "shock" stressWater Delivery Adequacy Production Capacity and decreasing capacity margin
Water Quality Treatment Process Filtration True or False chanems also i temtcom exit indc ator
Frequent and substantial violations suggest waterWater Quality Compliance Quality Violations True or False quality issues/problems
Infrastructure Systems Complexity Acquisition Miles 0 - Distant source water suggests greater system
maintenance and reliability issues
Infrastructure Systems Complexity Source Type Surface, Ground or Purchased Surface water more difficult to manage and treat
Constructed impoundment facilities requireInfrastructure Systems Complexity Impoundment Natural or Constructed maintenance/management
Infrastructure Systems Complexity Distribution Pipe Miles 0 - oo Mass of distribution system; a scalar
Infrastructure Systems Complexity GPD/ Dist. Pipe Mile 0 - 00 Relative indication of stress on delivery system
Infrastructure Systems Complexity Taps/ Dist. Pipe Mile 0 - o Relative indication of tap density
Management Systems Autonomy Governance Independent or Municipal Independent less prone to outside intervention
Management Systems Sectors Water Retail and/or Wholesale Provides type of service indicated
Management Systems Sectors Wastewater True or False Provides service in this sector
Management Systems Sectors Stormwater True or False Provides service in this sector
Uniform, Declining, Indication if rate structure is balancing objectives
Financial Systems Rate Condition Rate Design Escalating, Seasonal of capital formation and rationing
Surface Water Treatment Rule
Combined Sewer Overflows Other significant/unique issues affecting theOther Issues Surface Water Pollution etrrs
Significant Seismic Activity
Other
Table 3-3 Qualitative and Independent Indicators
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Area Factor Indicator Description Threshold Basis of Threshold Statistical Source
Geographic Availability of Average Annual Local 30-year average annual 301 Logical
Setting Supply Precipitation precipitation 3_ This research N/A
Median Household Estimate of local median Statistical U.S. CensusEconomic Setting Wealth Income household income in 1999 $39,657 1997-99, 3-year average Bureau
median for United States
Economic Setting Growth Population Growth Metropolitan area population 10.1% Statistical This research
change estimate for 1990-99 Mean of 340 metro areas U.S. Census Bureau
Infrastructure Condition Infrastructure Accumulated Depreciation 29.9% Statistical This research
Systems Condition (IC) divided by Gross PPE 29.9% Mean of Primary Data Set Thsresearch
Infrastructure Condition Capital Effort (CE) onstruction in progress divided 14.9% Statistical This researchSystems by Gross PPE Mean of Primary Data Set
Financial Systems Debt Posture Percent Long Term Total liabilities minus current 35.9% Statistical This researchDebt liabilities divided by Total Assets Mean of Primary Data Set
Financial Systems Debt Posture Interest Coverage Operating income divided by 1.3 Standard N/ARatio interest expense Typical coverage value
Financial Systems General Percent Contributed capital divided by 23.7% Statistical This researchConditions Contributed Capital Total Assets 2 Mean of Primary Data Set
Financial Systems Rate Condition Annual Residential Average residential water bill for $280 Statistical This researchWater Bill common volume of water Mean of Primary Data Set
Financial Systems Rate Condition Percent Household Water bill as percentage of 0.64% Statistical This researchIncome median household income Mean of Primary Data Set
Management Efficiency Ops Expenses / Ratio of operating expenses to 80.7% Statistical This researchSystems Ops Revenues operating revenues Mean of Primary Data Set
Management Effi Average Collection Accounts receivable divided by Statistical This research
Systems iciency Period operating revenues 
_ _ Mean of Primary Data Set
Management Efficiency Total Asset Operating revenues divided by Statistical This research
Systems Efficiency Turnover total assets 17.6% Mean of Primary Data Set
Management Operating Non-Ops Expenses Ratio of non-operating expenses 14.0% Statistical This research
Systems Posture / Total Expenses to total expenses I4._% Mean of Primary Data Set
Table 3-4 Comparative Core Indicators
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3.5.2 Supplementary Indicators
Several supplementary indicators are also presented; these indicators were quite
reliable and meaningful, but the data to support their application was not widely reported.
Still, when available, they can be quite useful in describing and assessing water
enterprises.
Area Factor Indicator Interpretation
High percentages suggest
Water Delivery Efficiency Unaccounted for Water inefficiencies in delivery
system
Financial Systems Operating Posture Percent Volume Sold Equitable mix of sectorby Consumer Sector volumes is more stable
Financial Systems Operating Posture Percent Revenue by Equitable mix of sectorConsumer Sector revenues is more stable
Very large customers can
Top 10 Customers by increase vulnerability toFinancial Systems Operating Posture Volume and Revenue revenue drops should
customer reduce or
eliminate demand
Table 3-5 Significant Supplementary Indicators
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Chapter 4 CHARACTERIZATION OF NATIONAL CROSS SECTION
"Are we making an adequate reinvestment in our extensive
infrastructure?... We have no rigorous systems in place to test,
measure, and make conclusions about whether this investment level is
adequate or whether we're 'mortgaging our future' Based on
experience, we believe we are doing adequately in cost control and
competitiveness--but we can 't prove it."
Tom Eggum
Public Works Director and City Engineer
Saint Paul, Minnesota
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4.1 Characterization Results
The twenty-nine enterprises in the national cross section were characterized utilizing
the developed methodology. This effort provides a snapshot of each enterprise and
suggests the current state of large water systems in the United States. The results of the
characterization process are summarized in the following sections and Appendix G
summarizes data and indicators of the cross section.
4.1.1 Structure and Core Functions
The structure and core functions for each enterprise were determined by applying the
qualitative and independent indicators as described in Appendices D and E. Tables 4-1
through 4-3 summarize the tags assigned to each enterprise in the cross section and
provide a breakdown of the structural and functional characteristics of the enterprises.
Enterprise Structure Tag Core Functions Tag
Austin Water & Wastewater Utility mw"w aPD
Baltimore Bureau of Water & Wastewater mwrws aPD
Boston Water & Sewer Commission iWrW D
Cleveland Division of Water mwW PD
Columbus Division of Water mw" aPD
Denver Water iw, APD
Detroit Water & Sewerage Department mwrw PD
DC Water & Sewer Authority iwrw D
East Bay Municipal Utility District iwrw APD
Houston Public Utilities Division mwrw aPD
JEA (Jacksonville, FL) mwrw pD
Kansas City Water Services Department mwws PD
Los Angeles Department of Water & Power mw, APD
Massachusetts Water Resources Authority iwww Apd
Memphis Light, Gas & Water mw, pD
Metro Water Services (Nashville, TN) mwrw PD
Metropolitan Water District of Southern California iw, APd
Minneapolis Water Works mwV PD
New York City Water & Sewer System iwrw ApD
Philadelphia Water Department mwrws PD
Portland Bureau of Water Works mw" ApD
Providence Water mw" aPD
Raleigh Public Utilities mwrw aPD
Salt Lake City Department of Public Utilities mwrws APD
San Diego County Water Authority iw, d
Seattle Public Utilities mwWws ApD
Tacoma Public Utilities mwm ApD
Tampa Water Department mw" PD
The Metropolitan District (Hartford, CT) iww aPD
Table 4-1 Structure and Core Function Tags of National Cross Section
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Municipal Uovernance 2U (t9/o)
Independent Governance 9 (31%)
Sectors
Water Only 12 (41%)
Water and Wastewater 12 (41%)
Water, Wastewater, and Stormwater 5 (17%)
Water Services
Primarily Retail Water Services 11 (38%)
Retail & Wholesale Water Services 15 (52%)
Primarily Wholesale Water Services 3 (10%)
Table 4-2 Summary of Structure Characteristics of National Cross Section
APU 4 (14%1b)
aPD 7 (24%)
ApD 4 (14%)
Apd 1 (3%)
APd 1 (3%)
Two Functions
PD 7 (24%)
pD 2 (7%)
Only One Function
D 2 (7%)
d 1 (3%)
Table 4-3 Summary of Core Functions of National Cross Section
4.1.2 Setting
Three comparative indicators depict the general geographic and economic conditions
of an enterprise: annual precipitation, household income and growth. Not surprisingly,
the conditions affecting the enterprises in the collection vary as illustrated in Figure 4-1.
Recall that comparative indicators are reported as a dimensionless value equivalent to the
nominal value of the indicator divided by the selected threshold for the indicator. The
graph is sorted in order of decreasing growth. Two enterprises experiencing very high
growth are located in areas of minimal rainfall, Denver and Salt Lake City. This is
indicative of the economic explosion of the past decade in the Mountain area of the West,
and where near-term scarcity issues are most likely. Not surprisingly, growth in the more
water abundant areas of the Northeast is very low.
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Figure 4-1 Primary Setting Indicators of National Cross Section
4.1.3 Capital Needs
As described in Chapter 3, infrastructure capital investments can generally be
classified as development, improvement or sustainment, and the principal drivers of each
are capacity, obsolescence, and deterioration respectively. Two comparative indicators
initially illustrate the potential balance of these investments, population growth and
infrastructure condition (IC). The growth indicator suggests the presence of system
expansion and capacity issues and the possible need for development investments while
the IC indicator suggests the condition of an enterprise's infrastructure systems and the
necessity for improvement investments.
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Figure 4-2 graphically depicts the growth and IC indicators of the national cross
section. The indicators are graphed as a stacked column to illustrate the contribution of
each indicator to a total of the two. Theoretically, the greater the total of the two
indicators, the more "stress" the enterprise is under, so those enterprises shown on the left
of the graph are potentially under greater investment stress. As the figure portrays, a
number of enterprises are experiencing growth that far exceeds the threshold, which is an
average calculated for 340 metropolitan areas. For example, growth in the Austin, TX
metro area is 3.52 times greater than the threshold. Similarly, the condition of several
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Figure 4-2 Primary Indicators of Capital Needs of National Cross Section
enterprises infrastructure systems is apparently worse than the average of other systems.
Baltimore's IC is more than twice the threshold at 2.08. A few enterprises are
experiencing high growth and have infrastructure that seemingly needs attention.
This graph suggests four groupings by type of capital investments needed. The first
is a Development group where necessary capital investments are predominantly
development evidenced by a high growth indicator and a low IC indicator. The second is
a Development & Improvement group where development and improvement investments
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are likely to compete against one another suggested by high growth and high IC
indicators. The third is an Improvement group where required capital investments are
predominantly improvement evidenced by a low growth indicator and a high IC
indicator. The fourth is a Sustainment group where investments should target sustaining
the existing asset base suggested by a low growth indicator and a low IC indicator.
4.1.4 Capital Opportunities
Determining where the best capital access opportunities lie for a group of enterprises
relies upon several indicators. The purpose of these indicators is to suggest an
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Figure 4-3 Primary Indicators of Debt Opportunities of National Cross Section
enterprise's ability to draw from the traditional sources of debt, external capital, and
retained earnings. Figure 4-3 depicts the two primary indicators of debt opportunities,
interest coverage ratio and percent long-term debt. Unlike the growth and IC indicators
where the graphing technique had meaning, the indicators are graphed as stacked
columns for presentation efficiency in order of decreasing interest coverage ratio. The
coverage ratio indicates the margin between an enterprise's operating income and its
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current interest burden while percent long-term debt denotes its current leverage. As
depicted, several enterprises have coverage ratios well above the threshold of 1.3; this
threshold represents a standard coverage value in capital financing. More than likely,
these enterprises are favorably postured to acquire additional debt without any change to
their current operating posture. Present levels of operating income more than compensate
for current interest burden, so debt should be readily available on competitive terms. Of
course, the amount of debt that can be leveraged is governed by many factors, one of
which is current leverage. For instance, Providence's coverage indicator is 5.67 and its
percent long-term debt indicator is 0.52. In all likelihood, its ability to lever up is
substantial. For other enterprises in the sample, debt opportunities are not as apparent or
are not encouraging. Columbus' coverage indicator is 1.15, which is adequate and might
allow additional borrowing, but its percent debt indicator is 1.84. This suggests that its
current leverage is already quite high, so additions to its debt balance are questionable
without change to its operating posture to boost its coverage margin. New York City's
coverage indicator is 0.41 and its percent debt indicator is 1.45; its debt opportunities are
probably quite limited without an operational adjustment.
Figure 4-4 presents the primary indicator of external capital opportunities, percent
contributed capital. This graph depicts the level of contributed capital in an enterprise
relative to an average of similar enterprises. Clearly, the availability of external capital
between enterprises is quite diverse. Some have relied quite extensively upon it while
others have had virtually no access to this source. MWRA's indicator is nearly 2.5 times
the threshold of 23.7%, so its nominal value is greater than 50%. Alternatively,
Columbus' indicator is 0.01, so its nominal value is just above 2%.
18 Interestingly, the median nominal interest coverage ratio for this sample is just slightly above the
threshold value.
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Figure 4-4 Primary Indicator of Contributed Capital of National Cross Section
Figure 4-5 portrays the primary indicators for determining capital opportunities from
increases in retained earnings, percent household income and QE/OR ratio.19 The
indicators are graphed as clustered columns in order of decreasing percent income.
Generally, a low percent income suggests that an enterprise's ability to implement rate
adjustments is more favorable since its rate burden is comparatively low. Under these
circumstances, consumer and political opposition to reasonable rate increases is
presumably far less than if the rate burden were comparatively high. Accordingly, the
enterprise can more freely implement the adjustment. Taking the perspective that this is
a search for opportunities, higher QE/OR indicators suggest that an enterprise may have
areas where it can increase retained earnings through cost reduction initiatives, even
though a higher indicator is probably not a desirable condition. In all probability,
retained earnings opportunities are the highest when percent income is low and OE/OR is
high. Minimal opportunities are likely when percent income is high and QE/OR is low.
19 The three enterprises that are exclusively wholesale are not included in this figure.
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Figure 4-5 Indicators of Retained Earnings Opportunities for National Cross Section
Like the assessment of capital needs, the graphs presented suggest different groups
according to where capital opportunities are possible. Of course, these observations are
not unmistakable, but they do provide clues about where opportunities may lie. For debt,
the enterprises generally fall into one of three categories according to how likely the
enterprise is to access significant levels of additional debt: available, questionable, or
doubtful. For external capital, reliance upon it by the enterprises has been: substantial,
moderate, or minimal. For retained earnings, the enterprises fall into one of four
categories according to where opportunities for operational changes might occur: rate
adjustment and cost reduction, rate adjustment only, cost reduction only, or minimal.
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Enterprise Structure Functions D &I Dev im Sust Avail Quest Doubt Sub Mod Min R & C Rate Cost Min
Austin mwrww aPD x x x x
Baltimore mwrws aPD x x x 
_
Boston iwrw D x x x X
Cleveland mwrw PD x x x x
Columbus mwrw aPD x x x x
Denver iwrw APD x x x x
Detroit mwrww PD x x x x
DC iwrw D x x x x
EBMUD iwrw APD x x x X
Houston mwww aPD x x x xJEA (Jackson.) iwrw D x x x x
Kansas City mwrws PD x x x xLA iw, APD x x x MWRA iwww Apd x x x
Memphis iw, D 
_ _ x x x 
_
Metro (Nash.) mwrw PD x x x _
MWD (S. Cal) iww APd x x x
Minneapolis mww PD x x x x
NYC iwrww ApD x x x x
Philadelphia mwrws PD x x x x
Portland mww ApD x x x x
Providence mww aPD x x x x
Raleigh mwrw aPD x x x x
Salt Lake City mwrws APD x x x x
SDWA iw, d x x x
Seattle mwwws ApD x x x x
Tacoma iww ApD x x x x
Tampa mwrw PD x I I x I x x
TMD (Hartfd.) iwww aPD - x - x x - - -
Table 4-4 Characterization Results Table of National Cross Section
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4.1.5 Summary Tabulation
Tabulating the results of the characterization effort for the cross section renders Table
4-4, and a decision-maker can utilize this table to understand the strategic posture of any
enterprise. In addition, cross tabulations can be made quickly to understand the
characteristics of different groups. For example, enterprises with both development and
improvement needs (D&I indicated in the table) have the highest apparent levels of
investment "stress". Grouping these allows consideration of their individual and
collective capital opportunities. Table 4-5 gives an illustration.
Debt Contributed Capital Retained Earnings
Enterp rise Avail Quest Doubt Sub Mod Min R&C Rate Cost Min
Columbus xx x
DC x x x
Houston x x x
JEA (Jackson.) x x x
Minneapolis x x x
Portland x x x
Seattle x x x
Tampa x x x
Table 4-5 Capital Opportunities of Enterprises with Highest Investment "Stress"
Three enterprises are highlighted: Columbus, Houston, and Seattle. Their capital
opportunities are suspect while the remainder have a favorable posture in at least one of
the three areas. Access to debt is questionable for both Columbus and Seattle and
doubtful for Houston. Past reliance on contributed capital is moderate for both Houston
and Seattle and minimal for Columbus. Opportunities to increase retained earnings are
minimal for all three. Certainly, this characterization is not conclusive, but it does
suggest that these three enterprises are not opportunely postured, so they must search
hard for whatever openings are present and innovative solutions may be necessary. To
examine these three further, the secondary capital needs indicators are reviewed to
determine if other mitigating factors complicate the capital equation. Table 4-6
summarizes the secondary indicators.
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Indicator Columbus Houston Seattle
Single Source No No No
Acquisition Miles < 20 < 20 < 20
Filtration Yes Yes No
Violations No No No
Other Issues No No IESWTR
Avg Day/Capacity 44% 53% 37%
Max Day/Capacity 70% 63% 55%
Table 4-6 Secondary Capital Needs Indicators for Columbus, Houston & Seattle
Of the three, Seattle's mitigating factors are the most pointed, so its capital equation is
a bit more complicated. Water from its primary source, the Cedar River, is currently
unfiltered, and Seattle is presently constructing a new treatment facility for this source
that does not include filtration. Even though the quality of this source water continues to
be high enough to avoid filtration, the specter of IESWTR remains. Similarly, Seattle
manages two remote sources and supporting acquisition facilities, so protecting source
reliability is a constant and large-scale endeavor. Neither Columbus nor Houston has
substantive capacity issues, source reliability concerns, or other mitigating factors.
Seattle's position is rather challenging, and interestingly, it has made prolific use of
innovative procurement and management strategies. Seattle has delivered two recent
treatment facilities through design-build-operate arrangements at considerable estimated
life cycle cost savings over traditional delivery. Perhaps, the demands of growth, re-
capitalization, source reliability protection, and potential regulatory mandates forced
them to seek alternatives to the status quo.
4.2 Observations about National Cross Section
The characterization results uphold a number of observations about the cross section
that are indicative of large systems in the US water industry.
4.2.1 Strong Municipal Linkages
Within the cross section, ties between enterprises and the municipalities that they
serve are strong. Of the twenty-nine, twenty are municipally governed (69%); Figure 4-6
maps each enterprise according to its structure tag, and those that are municipally
governed are shown in boldface. Thirteen of these twenty are simply large public works
divisions; the remaining seven have independent boards that oversee them, but
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rate/budget approval is retained by and/or operating funds are transferred to municipal
government. In FY99, ten of the twenty reported transfers out of their operating accounts
in their financial statements, and the transfers ranged from 0.1% to 9.9% of total
revenues. In many cases, these transfers were made to other municipal funds as charges
for services provided by the municipality such as administration, fleet maintenance or
legal work. For example, Houston Public Utilities transferred $21.3 million to the City of
Houston's General Fund for services provided by the City. In a few instances, however,
the transfers reported were made directly to a municipality's general fund according to
established covenants. The Los Angeles Department of Water & Power (LADWP)
transferred $16.3 million into the City of Los Angeles' Reserve Fund; according to its
charter and bond indentures, these transfers are made at the discretion of LADWP, and
the transfer amount may not exceed net income of the prior fiscal year.
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Figure 4-6 Municipally Governed Enterprises in National Cross Section
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4.2.2 Institutional Segregation of Water Sectors
The assignment of structure tags to the cross section suggests that water sectors
remain institutionally segregated. Twelve enterprises provide water services only, and
twelve provide water and wastewater services. Only five manage water, wastewater and
stormwater services, and each one of these is a municipally governed public works
division. Figure 4-7 maps each enterprise by its structure tag to illustrate the sectors
served. From an environmental perspective, placing responsibility for all urban water
systems within a single organization may allow better management of water throughout
its urban cycle since point and non-point sources of pollution ultimately impact waterway
cleanliness and drinking water quality. Economically, a singular organization may also
promote the advantages of scope economies since redundant facilities, inventory, services
and labor may be eliminated. Unfortunately, historical inertia and financing issues act as
barriers to integration. Traditionally, water and wastewater have been segregated
institutionally and professionally. The general recognition of the need for and the
development of urban drinking water systems occurred well before wastewater collection
and treatment became common practice. Many of the larger independent institutions
responsible for the provision of drinking water were created prior to the advent of
sanitary engineering. Even today, the principal water and wastewater professional
organizations, the American Water Works Association and the Water Environment
Federation, remain separate. Active management of stormwater systems is an even more
recent development, and typically, these systems have been the domain of public works
transportation divisions since most stormwater facilities are integral components of
roadway systems.
The more powerful barrier to complete integration of the sectors, however, is the lack
of an established fee basis for stormwater services, and without one, integration shall
remain problematic. Normally, stormwater systems have been financed out of tax and
operating revenues from municipal general funds. In order for an independent water
enterprise to assume the responsibility for stormwater, either user fees must be
established or transfers from traditional municipal funding sources must occur. The
success of the first option hinges upon public acceptance of a "visible" charge for this
service, and the viability of the second option depends upon whether or not the
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introduction of transfer payments would pierce the veil between independent enterprises
and municipal governments. More than likely, the threat to enterprise autonomy will
disallow the establishment of transfer schemes, so greater integration depends upon the
acceptance of stormwater user fees. Just how probable this might be is unknown, but
public and political opposition is nearly certain. However, three of the five organizations
that provide service in all three sectors already have an established fee for stormwater
services, Kansas City Water Services Department, Salt Lake City Department of Public
Utilities and Seattle Public Utilities. The structures of the stormwater fees in each city
are similar. Property owners are assessed a flat fee according to land use, lot size and
impervious surface area, i.e. areas that hold and rapidly shed precipitation. Properties
with larger impervious surfaces are charged higher rates, and industrial and commercial
properties are charged higher rates than residential properties.
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Figure 4-7 Water Sectors Served by Enterprises in National Cross Section
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4.2.3 Prevalence of Wholesale Suppliers
Within the cross section, twenty-six enterprises are "producers" of water. Of these,
two provide wholesale services exclusively, and fifteen provide both retail and wholesale
services. Figure 4-8 maps the enterprises again according to their structure tags, and
those that provide wholesale services are shown in boldface. While the scope of
wholesale services provided by a few of the enterprises is fairly limited, many supply
wholesale water to a number of communities in their region. For instance, Detroit Water
& Sewerage Department provides wholesale water to 122 communities or districts.
Including its retail customers, the Department serves nearly 4 million people in the
region, or over 30% of the population of Michigan. The Metropolitan Water District of
Southern California (MWD) provides wholesale water exclusively to 27 communities or
districts, and its service area population is over 17 million. Other examples of the scope
of wholesale services are also depicted in Figure 4-8.
Seattle - Wholesale Denver - Wholesale Detroit - Wholesale
28 communities/districts * 25 communities/districts - 122 communities/districts Cleveland - Wholesale
s -13 communities/districts
MW
Portland - Wholesale I rw
- 19 communities/distr ts rw
iW, v mwr
MWD - Wholesale 1w, 's
- 27 communities/district
-iwW ms
MWRA -Wholesale
46 communities/districts
Mwrww iw~w
mw~w mw,
Austin - Wholesale
- 18 communities/districts
Figure 4-8 Wholesale Suppliers in National Cross Section
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4.2.4 Range of System Configurations and Functions
A variety of system configurations and functions are found within the cross section.
Figure 4-9 maps the enterprises according to their core functions tags. More than half the
cross section performs all three of the core functions to one degree or another. Four
(14%) were assigned the "APD" tag, meaning they must manage large scale acquisition,
production, and distribution activities. For instance, Denver Water collects raw water in
constructed facilities from Rocky Mountain watersheds, transports it over 100 miles to its
production facilities where it treats and filters the water, and then distributes it to a
service area population of over 1 million. Seven (24%) were assigned the "aPD" tag, and
these enterprises generally manage nearby watersheds and constructed raw water
impoundment facilities along with large scale production and distribution systems. Four
(14%) were given the "ApD" tag; these four manage remote and pristine watersheds and
constructed raw water impoundment facilities, and the quality of their raw water
currently precludes the need for filtration during production, thereby reducing the scale of
these activities. One enterprise was assigned the "Apd" tag; it provides wholesale water
exclusively and currently does not filter its raw water during production. Finally, one
enterprise was assigned the "APd" tag; it also provides wholesale water exclusively, but it
filters its water during production.
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Figure 4-9 Core Functions of Enterprises in National Cross Section
The remaining enterprises only perform one or two of the core functions at a
significant scale. Seven (24%) were assigned the "PD" tag. These seven benefit from
their geographic location nearby a natural water source of adequate volume and quality.
For example, the Cleveland Division of Water draws raw water directly from Lake Erie.
The others assigned this tag are generally situated on a major river such as the Missouri
or Mississippi. The two enterprises assigned the "pD" tag use groundwater exclusively as
a raw water source, and the two enterprises assigned the "D" tag only distribute finished
water, all of which is obtained through bulk finished water purchases. Finally, the one
enterprise assigned the "d" tag is a wholesale distributor of water; it purchases finished
water from wholesale suppliers and conveys bulk quantities of water to area
communities.
Most enterprises in the national cross section perform both large-scale production and
distribution activities, so of the three core functions, acquisition is the most variable
activity. Enterprises in the sample acquire raw water by: (a) impounding surface water
in constructed facilities from either remote or nearby sources, (b) withdrawing surface
water from nearby natural sources, or (c) withdrawing groundwater from nearby aquifers.
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Not only do these categories delineate the scope of acquisition activities, but they also
suggest the viability of local watershed protection efforts. For enterprises in the first
category, the feasibility of a local effort is contingent upon the characteristics of source
watersheds. For instance, within its watershed, Providence Water has exclusive riparian
rights, vast ownership, and extensive control over land use. Here, local watershed
protection efforts are meaningful and can directly impact source water quality. The
situation in New York City is far different; within its watersheds, it does not enjoy
exclusive riparian rights, and it has minimal ownership and limited control over land use.
In fact, thirty-four non-city owned wastewater treatment plants discharge effluent into
waterways within its Catskill/Delaware watershed. Here, watershed protection is clearly
a far more complex, regional effort.
Generally, local watershed protection is also difficult for those enterprises that fall
into the second or third categories. For example, Cleveland and Kansas City withdraw
their raw water directly from Lake Erie and the Missouri River respectively. Alone,
neither of them can readily control or manage effluents into an international or interstate
waterway. Similarly, vast underground aquifers generally cross metropolitan boundaries,
and regional surface and subsurface conditions generally affect their recharge and quality.
The array of land uses and political boundaries across such wide areas heightens the
complexity of protecting groundwater sources, and the scope of such efforts are generally
beyond the capacity of local water enterprises. The current problem posed by MTBE, the
gasoline additive, is an excellent example of such difficulties since leaking underground
storage tanks are suspected as the principal source of groundwater contamination by
MTBE.
4.2.5 Distribution of Capital Needs
Capital requirements of the cross section are rather diverse, but regional similarities
are apparent. Figure 4-10 maps the enterprises according to the four capital needs
groups: (a) development & improvement, (b) development, (c) improvement and (d)
sustainment. As the map illustrates, only five enterprises (17%) fall into the sustainment
group where infrastructure condition is favorable and growth is low, so overall, the cross
section is under a fair amount of capital "stress". Eight enterprises (28%) find themselves
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within the development & improvement group where infrastructure condition is
unfavorable and growth is high while ten (34%) are categorized into the development
group where infrastructure condition is favorable but growth is high. Finally, the
remaining six (21%) are classified into the improvement group where infrastructure
condition is unfavorable but growth is low. Clusters of enterprises that have development
or development and improvement needs are found in the West and South while
enterprises with improvement or sustainment needs are concentrated in the Northeast.
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Figure 4-10 Capital Needs of Enterprises in National Cross Section
Fortunately, many of the enterprises that have development requirements currently
have adequate capacity margins, so existing production facilities can fulfill near-term
average and maximum demands (see Appendix G for details). Under these
circumstances, growth is favorable since it can bolster revenue generation through
expansion and consumption charges. Areas experiencing high levels of growth, however,
are vulnerable to further infrastructure deterioration if the visibility of improvement and
sustainment requirements is not maintained. Alternatively, lower levels of growth and
the lack of competing system expansion requirements should permit focused re-
capitalization efforts for those enterprises with improvement needs, which are located
predominantly in the Northeast.
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None of the enterprises in the cross section had any significant violations of current
federal standards for drinking water in 1999, so future capital requirements for water
quality will be the result of either pending or new standards. Five "producers" of finished
water do not filter raw water from their principal source during production: New York
City Water & Sewer, MWRA, Portland Bureau of Water & Wastewater, Seattle Public
Utilities and Tacoma Utilities. These five are particularly sensitive to the standards
imposed by SDWA and IESWTR, so their filtration avoidance programs are clearly
important. If filtration were to become necessary, each would face a substantial capital
challenge. Seventeen of the twenty-nine (59%) were assigned either an "A" or "a" as part
of their core functions, so these enterprises are likely to have source reliability issues that
the others will not. They must manage and maintain constructed facilities to impound
and convey raw water from source to point of production. Finally, many of the
enterprises that are also responsible for wastewater services face problems posed by
combined sewer systems. CSO's have drawn recent national attention, and designing and
financing solutions to this problem will continue to confront the industry.
4.2.6 Capacity to Borrow
Of the systems characterized, many currently have very strong interest coverage and
sizeable debt opportunities. Figure 4-11 maps the enterprises, and those shown in
boldface had an interest coverage ratio above the threshold of 1.3 in FY99. Nineteen of
twenty-nine (66%) fell into this category. For instance, the nominal value of Providence
Water's interest coverage ratio was 7.4, which is over 5 times the threshold value. At this
level of coverage, it could borrow roughly $100 million or approximately two-thirds of
the current value of its total assets. Clearly, it is positioned to implement a substantial
capital program without any change to operations. Many enterprises are similarly
postured, and an estimate of their current combined additional debt capacity is over $3
billion. Appendix I provides the details of these calculations.
With such solid levels of coverage, some enterprises do not appear to be utilizing
financial leverage to their advantage. Characteristically, water enterprises have stable
earnings since demand for water is not typically affected by economic cycles, and a
substitute product is not generally available. Like other utilities such as electric or gas,
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these conditions favor higher levels of financial leverage. Certainly, borrowing for
borrowing's sake makes no sense, but of the nineteen enterprises with strong coverage
ratios, only two fit into the sustainment category for capital needs. The remainder has
development and/or improvement requirements, so their access to debt should assist in
financing capital programs to fulfill these obligations.20
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Figure 4-11 Enterprises with Borrowing Capacity in National Cross Section
4.2.7 Affordable Rates
Many in the cross section also charge rates that are quite affordable when compared
to an average of comparable systems. Figure 4-12 maps the enterprises, and those shown
in boldface had a percent income value below the threshold of 0.64% during the 2000-01
period. Of the twenty-six enterprises in the cross section that provide retail residential
water services, half of them had a percent income indicator below the threshold value.
For example, the nominal value of New York City's percent income is 0.60%, and its
nominal annual bill is $223 compared to an average of $280. A residential rate
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adjustment that would place it in line with average percent income could generate over $3
million annually. An estimate of the combined rate adjustment capacity of all systems in
the sample that are below the average is over $52 million annually. See Appendix I for
details of these calculations. On the other hand, a number charge rates that are much
higher than the average. Kansas City's nominal percent income is 0.85% and its annual
bill is $393. While the factors contributing to such discrepancies are many, it is apparent
that many systems have ample margins and justification to adjust rates to bolster retained
earnings or to leverage additional debt.
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Figure 4-12 Enterprises with Affordable Rates in National Cross Section
4.2.8 Improvements to Operations
Figure 4-13 maps the enterprises again, and those shown in boldface had an OE/OR
ratio above the threshold value of 80.7% in FY99. Only twelve of twenty-nine (41%)
fell into this category, so the majority of the enterprises in the cross section have
favorable ratios. Several enterprises in the cross section, however, have ratios well above
an average of like systems, which suggests that improvements to their operations are
possible. For instance, the Metropolitan District (TMD) in Hartford, CT has an OE/OR
ratio with a nominal value of 90.8%. If TMD were able to reduce operating expenses to
drive its ratio down to the average, it could increase earnings by over $3.5 million
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annually. If all enterprises in the sample with ratios above the average were able to do
the same, then possible earnings increases would total roughly $166 million. Again, see
Appendix I for calculation details.
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Figure 4-13 Enterprises with Operational Improvement Possibilities in Cross Section
Without a doubt, a ratio above the threshold does not absolutely indicate a prevailing
operations problem; however, twelve enterprises in the cross section have ratios higher
than the threshold, with some substantially so. Accordingly, a search for areas of
improvement could start here for these twelve, and review of two efficiency indicators,
total asset turnover and average collection period depicts potential weaknesses for
several.
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MWRA (Boston Metro) 4.1% 0.24 22 0.45
SDCWA (San Diego Co.) 20.1% 1.14 69 1.41
Baltimore 16.3% 0.92 113 2.31
Portland 16.7% 0.95 29 0.59
Metro District (Hartford) 17.0% 0.97 99 2.02
Boston 21.5% 1.22 39 0.79
Tacoma 12.0% 0.69 49 0.99
Philadelphia 15.0% 0.85 79 1.60
New York City 11.0% 0.63 92 1.88
Minneapolis 28.6% 1.62 59 1.20
EBMUD (Oakland) 10.0% 0.57 29 0.59
DC 31.2% 1.78 46 0.93
Table 4-7 Efficiency Indicators for Enterprises with OE/OR Ratio > 1
The majority of these enterprises have an asset turnover indicator value below one, so
they are generating less operating revenue per dollar of total asset value than comparable
systems. Interestingly, three of the four enterprises with indicator values above one only
perform the distribution function (core functions tags of D or d), so the value of their total
assets is probably lower than that of systems with acquisition or production functions. In
addition, several enterprises have average collection values above one, so collecting
accounts due takes longer than similar systems. Perhaps, improvements to their billings
and collections departments could strengthen their operating postures.
4.2.9 Variable Rate Designs
Residential rate designs are quite variable; for residential metered accounts, all charge
based upon levels of consumption and most have an additional flat service charge per
billing period; Appendix J lists the rate design details. The sophistication of consumption
charges though varies substantially. Figure 4-14 maps the enterprises that provide retail
residential water service according to their rate designs. The most common rate design is
a year-round escalating block consumption charge; ten of twenty-six (38%) utilize this
type of structure. This design is followed closely by a year-round uniform consumption
charge; eight (31%) employ this structure while one enterprise (4%) uses a uniform
consumption charge that varies between seasons. Surprisingly, several enterprises still
use a declining block consumption charge, so a residential consumer is charged less per
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unit of volume when the amount of water consumed increases beyond the block
thresholds; four (15%) still use this type of design. Finally, three (12%) employ an
escalating block consumption charge that varies according to the season. Not
surprisingly, the more sophisticated rate designs are found in the West and the South
where availability of supply is more of an issue due to limited local rainfall and/or higher
summer temperatures.
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Figure 4-14 Rate Designs of Enterprises in the National Cross Section
4.2.10 Traditional Delivery of Services
Overall, enterprises in the cross section remain publicly operated with minimal use of
alternative delivery methods. Of the twenty-nine enterprises studied, only two have made
use of arrangements for integrated delivery or contract operations. Seattle Public
Utilities has two design-build-operate arrangements underway for the delivery of its Tolt
21 This author does not consider design-build an integrated service contract since it does not include
operations.
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River and Cedar River Water Treatment Plants, and Houston Public Utilities has a five-
year O&M contract in place for one of its water purification facilities. None have
transferred system-wide operations & maintenance (O&M) to a private contractor.
Notably, these two enterprises that have opted to use non-traditional methods have high
growth, IC and percent income indicators which suggest they are experiencing high
levels of service area growth, have deteriorating asset bases and comparatively high user
rates. Perhaps, the departure from the status quo offered an opportunity to leverage the
cost savings offered by the alternative methods in other areas where improvements were
needed. The minimal use of alternative methods of delivery and operations within the
cross section mirrors national trends. At the end of 1998, the largest private operators in
the United States anticipated 25% growth in municipal O&M contracts in the following
year. Actual growth in 1999 was roughly 14%, and the lower than anticipated growth
was due primarily to the cancellation of several O&M procurements in large cities
throughout the country (Reinhardt 2000). Generally, the big city market has not
developed as expected since a variety of obstacles have combined to deter its expansion
including resistance from public agencies, legislation barring alternative methods, labor
issues and unnecessary transaction costs.
4.2.11 Continuum of Transparency
Collecting data from the typical report suite of so many public enterprises offered the
opportunity to gauge the current level of transparency of the cross section. The quality
and value of published reports reviewed varied tremendously. When reporting financial
information, enterprises in the cross section either issue their own annual reports or
include their financial statements in their municipality's comprehensive annual financial
report (CAFR). Several of the enterprises that issue their own annual reports publish
very informative documents with sections that include audited financial statements and
notes, management discussion and analysis, and detailed operating and statistical data.
Many of these enterprises have received certificates of achievement for excellence in
financial reporting from the Government Finance Officers Association, and their reports
compare favorably with the better annual reports issued by publicly traded companies.
The remaining enterprises that publish their own annual reports generally provide audited
financial statements and notes with very limited management discussion and statistical
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data. The enterprises whose financial statements are included in a municipal CAFR
generally provide financial data only with little or no accompanying discussion or
statistics; reviewing and understanding the performance and outlook of these enterprises
is quite difficult.
Mandated water quality and consumer confidence reports are also very different
between enterprises. Many provide only the minimum information required while others
broaden the document's purpose and use it as a forum to inform their consumers about
on-going initiatives. Generally, these reports provide consumers with a basic overview of
their raw water sources, how raw water is prepared for drinking, and the results of
different water quality tests at the source, during treatment and following distribution.
Their value as a consumer communication tool, however, is questionable since tables
displaying the results of water quality tests comprise a large portion of the average report.
These tables are very difficult to understand and interpret, so perhaps a better reporting
standard should be devised.
4.3 Commentary
Clearly, water enterprises in the United States are diverse. No two enterprises of the
twenty-nine are identical, but similarities do exist and the indicators and framework
provide a platform for their characterization. Deploying the methodology describes the
basic structure and activities of each enterprise as well as identifying potential capital
needs and opportunities. Armed with this information, a decision-maker may now
consider: a) possible initiatives to improve a single enterprise's performance or b)
potential policy adjustments to manage a collection of enterprises.
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Chapter 5 CONCLUSIONS AND RECOMMENDATIONS
"No progress of humanity is possible unless it shakes off the yoke of
authority and tradition."
Andre Gide
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5.1 Conclusions
With the characterization results and observations in hand, issues of national water
supply provision can now be addressed. The insights gained from the characterization
effort fairly represent large public water systems in the national portfolio, so the
conclusions and recommendations presented are quite pertinent to current issues of water
provision policy and management.
5.1.1 Provision of Safe Drinking Water
Foremost, large systems are supplying drinking water that meets current federal
safety standards. None of the systems in the national cross section had any water quality
failures during 1999, so large community water systems are fulfilling their most
fundamental objective of providing the public safe drinking water as it is currently
defined by USEPA.
5.1.2 Diverse National Portfolio
The characterization of the twenty-nine enterprises and systems scattered across the
country demonstrates that our national portfolio is rather diverse, and public water
enterprises have significant systemic, functional, institutional and financial variation.
Systemically, some acquire raw water from distant sources while others are fortunate to
have sources at their doorsteps. Many systems rely exclusively upon surface water,
several make use of both ground and surface water and a few only use groundwater.
Most surface water systems filter their raw water during production, but a small number
still have high quality source water that currently does not need filtration. Finally, some
distribution networks are denser and move more water than others. Functionally, many
enterprises are self-reliant and fully integrated while others must rely upon upstream
suppliers or downstream distributors and retailers to complete the functional chain.
Institutionally, some enterprises have absolute autonomy, but many have strong linkages
to municipal governments, and municipalities often hold budget and rate approval
authority, charge for services provided, and/or receive residual equity transfers. The
presence of such linkages increases the likelihood of decisions resulting from political
rather than economic review. Financially, some enterprises rely far more heavily upon
fund equity through retained earnings or contributed capital than they do debt. For
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others, the opposite is true, and the varying forms of capitalization undoubtedly reflect
the diversity of existing local conditions and past, as well as current, management
policies.
With such a diverse national portfolio, a universal strategy for providing and
managing water is unlikely. Appropriate measures in one region may not work in
another. For instance, investing in watershed protection is a sensible objective for some
systems but not necessarily for all since meaningful watershed protection is effectively
beyond the control of many enterprises. For such systems, local investments in water
quality are better directed to projects where control and benefits are more tangible such as
cleaning and lining pipes, enclosing uncovered finished water storage facilities, or
cleaning distribution storage tanks. This does not suggest that source water quality
should be neglected at a local level, but it questions the priority of effort. In addition,
integrating water sectors has proven feasible for some systems where institutional
barriers are low, but governance structures elsewhere are not as amenable to such
integration. Indeed, national and regional management policies must be flexible to cope
with the range of conditions found across the country.
5.1.3 Few Signs of Pervasive Capital Problem in Near-Term
The indicators do not suggest a pervasive capital problem for large water systems in
the near-term. While systems have credible system expansion, re-capitalization and other
capital needs, the vast majority has viable opportunities to access capital. Current levels
of interest coverage indicate that a substantial number have additional borrowing
capacity, so many could use financial leverage without any change to operations. In
addition, the rates charged by many systems are substantially lower and more affordable
than others, and several systems have operating efficiency indicators that are much higher
than comparable systems. These conditions should allow increases to retained earnings
through rate adjustments or operational improvements. Further, local growth is
beneficial for many systems since they currently have adequate capacity to fulfill the
demand for water. Granted, such opportunities are not universally available and the
situations of some enterprises are more pointed than others, but of the twenty-nine
enterprises characterized only six did not appear to have favorable access to capital from
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either debt or increases to retained earnings. The evidence assembled suggests that
capital is generally accessible to large systems.
5.1.4 Untested Water Provision Alternatives
The characterization effort also demonstrated that myriad water provision alternatives
remain untested. Systems generally remain locally managed and operated, so regional
redundancy of administration, labor, equipment and inventory is predominant even
though the industry is postured in many cases to reconfigure for greater economic
efficiency. Numerous systems within the cross section are already supplying all or a
portion of the drinking water for nearby communities. Detroit Water & Sewer is a
regional wholesale supplier for 122 separate communities or districts; MWRA is a
regional wholesale supplier for 46 separate communities; Seattle Public Utilities is a
regional wholesale supplier for 28 separate communities or districts. Such examples
were common within the cross section. Clearly, opportunities to integrate proximate
systems exist to take advantage of scope and scale economies, and this integration could
occur vertically and/or functionally. For instance, MWRA is the sole wholesale supplier
of water to most of the 46 communities that it serves while the individual communities
manage the various distribution systems and provide retail services. MWRA could
assume responsibility for the various distribution networks to create a vertically
integrated regional system, or alternatively, a single, new entity could assume
responsibility for retail services by bundling the community systems. Undoubtedly,
advocating regional approaches to water supply is not new, and such changes will present
obstacles and problems; however, regional alternatives warrant consideration before other
possibly less productive choices are made, and the motivation to do so is compelling.
In addition, very few public owners have elected to utilize integrated service contracts
for the delivery or upgrade of facilities or O&M contracts for existing facilities or
system-wide operations despite anecdotal and growing empirical evidence of the cost
reductions offered by such arrangements. Debates about infrastructure and the private
sector often diverge to increasing the use of private sector capital or transferring assets
into private hands, but these discussions miss the point. Undoubtedly, a solvent, tax-
exempt public agency can borrow at more competitive rates than a private entity, and the
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public sector need not, nor should it, abdicate its oversight of public infrastructure. In
fact, the environment demands better public sector leadership. When constraints are
present, balancing social and economic goals such as equity and efficiency is no simple
task, but to do so requires full consideration of available alternatives and their benefits
and costs. Public agencies need to view the private sector as a partner or a tool to
improve public services; their competencies are developed and honed in competitive
markets, and the private sector is an ally and not an adversary in the struggle to fulfill the
demand for infrastructure services.
Certain characteristics of water provision make it ripe for more private sector
involvement. Water markets offer stable and relatively predictable revenues. Projecting
future demand and subsequent revenues for a water system is far less difficult than
projecting the same for a new toll road. This characteristic supports competition for
long-term concessions since the reduced uncertainty in the revenue stream allows better
project packaging over the long-term. Whether public or private financing is arranged,
borrowing rates should be favorable. In fact, of all public infrastructure, water systems
are probably best suited for private finance. The stability of the revenue base could
provide a private contractor the opportunity to finance projects on terms that are
competitive with public rates, particularly if a public owner is financially strapped.
More importantly, long-term arrangements offer the opportunity to integrate design,
construction and operation as well as the chance to compete projects based on their cost
over a lifecycle rather than just initial capital cost. During infrastructure production, an
organization responsible for the design, construction, and operation of a facility will
logically account for constructibility and operational ease during design. Additionally, a
private contractor has substantial incentives to develop and introduce innovations in
technology, design, construction, and operation processes over the concession period, and
a private contractor should have more immediate access to both capital and technology to
respond to changes in the operational environment. Once a properly constructed, long-
term concession is executed, an owner has achieved a level of performance, rate,
schedule, and cost certainty not available from a segmented strategy. The combination of
competitive financing rates and integrated efficiencies is a difficult match for segmented
projects.
Chapter 5 97
Finally, the prevalence of uniform or declining residential rate designs implies that
many enterprises have not tested the price elasticity of demand within their communities.
A rate design that promotes conservation is tangible evidence and a key component of a
comprehensive demand management program, and such programs can often have
dramatic impacts. Both MWRA and Seattle Public Utilities have experienced sharp
reductions in water demand since implementing aggressive demand management efforts.
In both systems, the combination of higher water rates, improved system performance
and conservation measures has dropped average daily water demands by over 20% for
MWRA and over 11% for Seattle Public Utilities during the past decade (Massachusetts
Water Resources Authority 2000) (Seattle Public Utilities 2001). Demand management
can obviously lower revenues since water usage declines, but decreasing or stabilizing
consumption can defer production capacity expansion and reduce the strain on source
water supplies. At a minimum, such programs should be a part of the portfolio of options
evaluated by management.
5.1.5 Federal Grants Will Only Defer Consideration of Alternatives & Changes
As described in the opening chapter, one of the most hotly debated topics within the
water industry is the financing of infrastructure needs over the coming decades. Many
suggest that without an increased federal role a substantial gap will develop between
investments needed and investments made. The Water Infrastructure Network (WIN)
contends that the balance of the funding necessary is not feasible through reasonable
increases to operations efficiencies andlor rates charged. Undoubtedly, re-capitalizing
existing infrastructure, fulfilling increasing demand for services and complying with
pending water quality standards will pose substantial capital challenges over the next half
century, but is establishing a massive federal grant program an appropriate strategy? The
observations drawn from the characterization of the cross section strongly question such
assertions. First, many large systems are adequately postured to fulfill near-term
obligations; they generally have reasonable access to capital, so large systems are not on
the verge of a crisis. Second, various alternatives that might improve water provision
effectiveness are still widely untried. For instance, smaller systems, which historically
have had efficiency and financing problems, might be integrated into larger, better-
managed systems to increase scale and scope economies.
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Beyond the current capital financing dilemma, the real question is whether or not the
current pressures and conditions within the industry are temporary or perpetual? To
conclude that contemporary capital requirements are the result of unique circumstances
seems foolhardy. Population migration and growth shall continue, system deterioration
and obsolescence will persist, and regulatory standards for safe drinking water shall
evolve. The industry is at a critical juncture, and current pressures are driving it towards
competition and self-sufficiency while grants would deter this evolution. The proffer of
widely available federal grants will only defer addressing potential changes and
improvements in the industry until the next, inevitable cycle of capital requirements.
Policy-makers and public owners should carefully consider current circumstances and
possible repercussions before instituting or lobbying for an expanded federal role. If
history provides any lesson, grants could not provide the balance of funding necessary.
USEPA's Construction Grants Program certainly helped fund the construction of
wastewater treatment plants across the country to clean up national waterways, but it
provided too much assistance to some communities and not enough or any to others
(Miller 2000) (Miller 2001). Today, federal discretionary dollars are at an unprecedented
premium. To think that the federal government might free enough funds to cover the
margin and then create a system for their fair allocation seems unrealistic. In addition, a
sustainable strategy would require a long-term commitment by the federal government to
allocate funds to the program. Within a political landscape that changes frequently, the
chances of maintaining such a commitment are marginal. Finally, federal funding at this
stage seems premature and might provide the wrong incentives. Free federal dollars will
effectively reduce pressure within the industry, and its progress toward a sustainable
structure will wane.
5.1.6 Industry Unprepared to Implement Alternatives for Delivery and Services
The evidence assembled during the characterization process indicates that the
industry remains immature in its use of alternative delivery and service arrangements, so
it is generally unprepared to execute workable concessions with the private sector.
Experiments with such arrangements over the past decade have met with varying degrees
of success, but unfortunately more often than not public procurements of integrated or
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O&M services have been flawed.2 2 Properly packaging and procuring these services is
critical to the long-term viability of alternative arrangements and the possible advantages
that they might present. The response of likely private sector bidders and, more broadly,
the development of the market are at stake. If private participants are to add value to the
procurement process, then public owners must treat them in a stable and predictable
fashion. Otherwise, potential participants are likely to pursue market alternatives that are
more attractive elsewhere. The perception of potential competitors is of greater
importance than commonly recognized since the quality of the services and goods the
government acquires cannot be better than the pool of private sector firms willing to
participate in the acquisition process (Miller et al. 2000).
5.1.7 Difficult to Fully Analyze and Compare Water Enterprises
Finally, the variability of the reports and statements found in the published suite of
documents for public water enterprises precluded full analysis and comparison. Many
standard financial ratios could not be widely constructed, and the details of major
financial categories were not shown in many circumstances. For example, the items cash
& cash equivalents and accounts receivable allow construction of the quick ratio, which
is a better measure of liquidity than the current ratio since these current assets are closer
to cash than other current assets. Many of the financial statements reviewed reported
"cash" separately, but aggregated all short-term investments into a single item, which
made it virtually impossible to determine the liquidity of these investments. Thus, an
accurate quick ratio could not be calculated. Appendix K illustrates operating revenue
and operating expense items exactly as reported in the respective audited financial
statements of the enterprises shown. Two of the four do not show operating revenue
details, so determining revenues from sales as opposed to other operating sources is not
possible. Within the operating expenses category, two of the four segregate the expense
items operations and maintenance, which allows maintenance to be normalized by
distribution pipe miles or average daily demand to track annual maintenance costs.
Depending upon the circumstances, increasing or decreasing trends can be either positive
2 See case studies in Miller's Principles of Public and Private Infrastructure Delivery and Case Studies in
Infrastructure Delivery.
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or negative signals. Only one of the four reports a general and administrative expense
item, so examining trends and impacts of overhead upon operations is not possible for the
other three. The differences depicted here are representative of the variance found among
the financial statements reviewed.
5.2 Recommendations
The industry must adapt to its changing environment, and while pressure within the
industry is disruptive, it provides an opportunity to rethink our national system of water
provision. At least, the current debate about the role of the federal government has
brought attention to the industry, but the discussion needs to be refocused upon more
pertinent issues than the marginal impact that federal funding might provide. Public
owners and enterprise managers as well as state and federal policy-makers all have a role
to play in improving water provision. Undoubtedly, the road ahead is not easy and short-
term inefficiencies will occur, but this is a contest of endurance. The need for safe
drinking water will not perish, and community water systems shall remain the paradigm
of delivery for the foreseeable future. Ultimately, industry professionals will sort through
the turmoil and discover solutions, and the recommendations below are critical steps
toward a different, but improved future of water provision. Some are only slight
modifications to current strategies and policies, but others are a bit more complex and
will require a sustained effort to implement.
5.2.1 Public Owners and Enterprise Management
Public owners and enterprise managers must take a proactive stance to find solutions
to the problems ahead, but a few simple adjustments might go a long way toward
diminishing capital constraints.
Revisit rate designs. Prevailing theory on rate design recommends that rate
structures follow the objectives of: (a) capital formation, (b) fairness, (c) rationing
and (d) affordability (Bonbright 1988) (Beecher and Mann 1991). Rates that
accord with these four criteria should strike the proper balance between social and
economic goals. Today, affordability dominates most rate discussions, so the
other three objectives need greater consideration and attention.
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* Investigate alternative delivery and service arrangements. Integrated services
and contract O&M are two tools available that are currently underutilized. Key
benefits that they can provide are reduction and stability of operating costs.
* Implement demand management programs. Several systems characterized
have solid evidence that comprehensive programs can reduce and stabilize water
demands, which can permit the deferral of capacity expansion and the redirection
of capital to system renewal and replacement.
* Seek scale and scope opportunities. Certainly, this recommendation is the most
complex of the four made, but these possibilities are widely available and could
improve economic efficiency. Overcoming the institutional barriers to integrating
either vertically or functionally is not trivial, but the time has come to quit talking
about regional water supply and to evaluate its strengths and weaknesses against
other alternatives and to take action if warranted.
5.2.2 Federal Policy
Instead of capitulating to political pressure, the federal government can support the
water industry in four general ways:
* Encourage a common baseline for reporting among water systems. A
common basis would back establishing industry benchmarks and elevating
contemporary and future debates to ones focused upon substantive indicators of
condition and performance.
* Offer forms of assistance that do not slow the industry's evolution. As the
characterization effort demonstrated, some enterprises are not as prepared to
handle the capital challenges ahead as others. To abate short-term difficulties
somewhat, the federal government might consider providing bonding security to
enterprises pending demonstration of adequate solvency and a long-term plan for
system reliability, rate stability and management efficiency.23 A bonding security
program can lower capital financing costs, avoid funding allocation politics and
23 The word "adequate" is emphasized since the program should be designed for those enterprises at the
margin that need help rather than enterprises that are already well managed and financed.
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encourage enterprise improvements. In addition, if rate affordability becomes a
serious issue for lower income families, certainly aid programs could be designed
to reduce the burden of higher rates upon those affected. Free federal dollars,
however, are a lifeline to contemporary practices not a pathway to a sustainable
future.
* Be more flexible during regulatory development and enforcement. The
federal government should not decrease its oversight of public water supply, but
the veracity of a common, rule-based approach is questionable when the
heterogeneity of our national portfolio is considered. The American Water Works
Association is promoting a plan of accreditation where a system is periodically
evaluated to determine whether or not it is employing standard practices and
complying with current requirements in its provision of drinking water. Periodic
and comprehensive evaluations, guided by a set of common principles and
performance standards, could be an approach worth contemplating since it may
afford more cost-effective strategies and appropriate risk allocation. In addition,
the devolution of federal funding increases the probability that local water
enterprises will challenge federal mandates. MWRA's successful court battle with
USEPA is evidence of such a challenge where a locally designed water quality
program was upheld instead of a federally proposed solution. Perhaps, USEPA
should have handled this situation a bit differently.
* Assume a greater role in managing and financing inter-state watershed
protection and non-point source pollution. Consequential watershed protection
efforts are more likely when regional cooperation and coordination are plausible,
and the federal government has the authority and resources to implement
interstate watershed protection initiatives. Such an effort would improve source
water quality nationwide and diminish capital and management obligations at
local and state levels.
5.2.3 State Policy
Given the regional character of our water supply systems, states may have the best
opportunity to positively impact water provision nation-wide. With their ability to
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oversee inter-boundary coordination, states can become the principal promoters of
regional water supply. Other, simpler adjustments in state policy could also make a
difference.
* Enact the American Bar Association's Model Procurement Code (MPC).
Draft revisions to MPC were adopted as the official policy of the America Bar
Association in July 2000. The 2000 Code offers state and local legislators and
executive officials a flexible, yet practical model for the competitive use of all of
the proven systems for delivering public projects and services. MPC supports an
open procurement environment whereby owners are granted the freedom to select
delivery methods that match favorably with a project's characteristics and satisfy
organizational goals. Enactment by state legislatures would free public agencies
to procure integrated services, provide a framework to safeguard the procurement
principles of quality and competition and to reduce unnecessary transactions
costs, and signal local public owners and the private sector of the state's
commitment to open, competitive procurement.
* Evaluate and orchestrate regional reconfiguration. State governments are
positioned to orchestrate regional reconfiguration within the water industry to
improve economic efficiency. With inter-boundary jurisdiction, states can first
identify where the best opportunities for reconfiguration lie, evaluate various
alternatives, and then work to build the consensus amongst communities to
implement change, if it is justified. A state agency can act as an arbiter to resolve
the issues that are certain to arise amongst communities once discussions about
transferring assets and relinquishing control begin. Without question, heated
debates concerning reconfiguration will ensue, but its possibilities need
exploration. Perhaps, when compared to other alternatives such as substantial rate
hikes or imposing debt obligations, the pains of transformation might diminish.
In addition, regional supply solutions will become far more important in the not
too distant future in areas of high growth and/or limited availability of supply.
* Assume greater role in managing and financing intrastate watershed
protection. Just like the federal government at the interstate level, state
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governments are postured to finance and manage regional watershed protection
within their states more effectively than at a local level.
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Chapter 6 LOOKING AHEAD
"We will either find a way or make one.
Hannibal
attributed
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6.1 Toward a Sustainable Future
The path forward for the US water industry is really a choice that depends upon local
and national decisions by public owners and state and federal policy-makers.
Undoubtedly, federal aid is the most expedient strategy for coping with prevailing
pressures within the industry, but the evidence indicates that calls for this assistance are
not justified for large water systems. Large systems are adequately positioned to handle
near-term capital challenges. Effectively, this grants the nation a "stay" from any grand
crisis since large systems provide water to over half of all customers served by
community water systems in the United States (US Environmental Protection Agency
1997). This "stay" offers a tangible chance to re-look our national system of water
provision, and steps toward a more sustainable industry structure can be taken
immediately. Rates need to be properly designed to balance both social and economic
goals, and alternative delivery and service arrangements need to be evaluated as
mechanisms for reducing the costs of development and operation. Longer-term, as a
nation, we have not yet begun to tap the potential of regional configurations for water
provision. We need to ask ourselves does the current administrative and operational
redundancy make sense? Should the tradition of local water provision prevent us from
bundling systems to improve services and economies?
6.2 Future Work
To continue the work started here, several initiatives are planned to begin exploring
some of the challenges and questions posed above. Several areas of the country are
postured for regional integration, so they present the opportunity to study the appropriate
form of integration to determine benefits, costs and obstacles. Vertical integration, where
smaller systems are joined to a larger system, versus functional integration, where water
suppliers and retailers region-wide are bundled separately, proposes an engaging trade-
off between efficiency and competition. A vertically integrated regional system should
profit from scale and scope economies, but such a system is rather insulated from the
influence of competition. Conversely, a regional approach that separates retail from
wholesale supply services can more easily preserve competitive forces while also
allowing some benefits of scale and scope economies. For example, disparate retail
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systems could be bundled into a single, larger retail network that still purchases its
finished water. If more than one wholesale supplier were available, price competition
over finished water could occur. Contrasting regional scenarios such as these need
further study if better methods of water provision are to be found. Lessons for our
national portfolio are likely in California where water scarcity has forced the creation of
rather sophisticated approaches to regional water provision.
The remaining initiatives are designed to improve and facilitate industry
transparency. Many efforts within the industry can go unnoticed without a sufficient
medium for documentation and exchange, and at this point, much of the evidence about
the benefits of alternative approaches remains anecdotal. Without a proper forum,
lessons learned throughout the industry are effectively silenced. A suite of industry case
studies about effective management practices and risk management of integrated service
and O&M contracts could help communicate the motivation and results of different
enterprise activities. For example, a case study of the City of Atlanta's O&M contract
with United Water could trace the circumstances that led to the transfer of operations to a
private contractor, the structure of the concession agreement and the results of the
arrangement to date. In addition, periodic publication of indicator statistics should
inform the industry regarding norms for financial ratios, infrastructure condition and
other metrics included in the core indicator set.
Additional objectives are to expand the enterprise database and provide on-line access
to it. Now that a method of characterization exists, a broader and deeper data sample can
allow construction of various groups according to defined characteristics for inter and
intra group analysis. For example, a group of enterprises that only provides water service
and a group that provides both water and wastewater services could be assembled to see
what similarities and differences exist between the groups. In addition, expansion allows
better estimation of industry statistical thresholds. On-line access would allow users to
input their own data, receive comparative statistics, and conduct queries. At the same
time, new enterprise data could be recorded, although a verification process would
become necessary to insure data reliability. Case studies would also be posted on-line.
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Finally, the search for better indicators shall remain constant, particularly in the areas
of infrastructure condition and performance. As outlined in the following section,
verification of a straight-line estimate of deterioration could either validate the use of the
proposed infrastructure condition indicator or suggest an alternative. Plus, the bulk of
existing literature and research concerning financial statement analysis focuses on the
private sector where the principal motivator is profit. Accordingly, many standard
financial ratios are geared toward evaluating profit performance. For public enterprises,
the profit motive is absent, so the interpretation of particular ratios is different. Future
work might focus upon identifying better financial performance measures and the
correlation between financial indicators in the public sector.
6.3 Reviewing the Methodology
6.3.1 Platform Established
The proposed methodology establishes a common platform that supports widespread
and active application of the core indicators to characterize water enterprises. Once
applied, the indicators present a snapshot of any enterprise--how it is structured, what
functions it performs, which strategic variables influence it, and how it is postured
systemically, operationally, and financially. While the characterization of the national
cross section provided various observations and supported several conclusions about the
state of large systems in the United States, it also established a baseline for these
enterprises individually and as a whole. Now, the indicators for the cross section may be
tracked over time to analyze trends and changes of each enterprise and the total sample,
and the subsequent addition of new enterprises to the cross section will only improve the
robustness of future observations and conclusions. The methodology is the critical first
step of a sustained research program to improve the industry's transparency, and its
introduction is rather timely. Over the next quarter century, the appraisal of enterprises
providing water services will become increasingly important as alternative methods and
initiatives are implemented to improve the efficiency of services. Tools for evaluating
performance will be necessary, and the platform established allows observation of
industry conditions and characteristics over-time.
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6.3.2 Thresholds Proposed
The research also introduced and estimated several thresholds to support the
characterization process, and these thresholds provide a footing for continued research
into industry-wide benchmarks. Without appropriate metrics and baselines for
comparison, the success or failure of different approaches will be difficult to judge. Any
enterprise interested in real solutions to pending challenges and improvements in
performance should find the metrics proposed and estimates made of interest. For
instance, recognized benchmarks of operational efficiency or rate affordability could
provide evidence of competitiveness for those enterprises that compare favorably to the
benchmarks. Alternatively, for those that compare unfavorably, the benchmarks might
signal an area of needed improvement. As research in this area continues, the value of
the thresholds will only increase.
Thresholds served as the denominator when calculating the dimensionless value of
comparative indicators, so their values are rather important to the resulting
interpretations. For eleven core indicators, thresholds were statistically established by
this research using data sets, and the sample mean was chosen as the threshold value.
Observations for each indicator varied from thirty-five to forty-two, although
observations for the growth indicator totaled 340. Table 6-1 summarizes statistics of the
primary comparative indicators calculated to consider how representative the thresholds
(sample means) are of the population.
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Infrastructure 29.9% 9.7% 28.3% 27.4 - 32.2% 0.32
Condition_______ _______ _______ ___ ____
Capital Effort 14.9% 13.5% 8.9% 11.5- 18.3% 0.91
Percent Long-Term 35.9% 18.5% 30.6% 31.0- 40.7% 0.52
Debt_______ _______ _______ ______ _
Percent Contributed 23.7% 15.6% 22.7% 19.6 - 27.8% 0.66
Capital________ ________ ________ ________ _____ ___
Annual Water Bill $283 $83 $275 $260-$306 0.29
Percent Income 0.65% 0.20% 0.65% 0.59 - 0.71% 0.31
OE/OR Ratio 80.7% 13.5% 78.1% 77.3-84.1% 0.17
Percent Non- 14.0% 9.2% 11.5% 11.7-16.4% 0.65
operating Expenses
Average Collection 49 23 46 43 - 55 0.47
Total Asset Turnover 17.6% 6.9% 16.2% 15.8 - 19.4% 0.40
Table 6-1 Summary of Threshold Statistics
More observations are likely to improve mean estimates of the population, but
supporting statistics suggest that the sample mean utilized is a reasonable estimate of the
population mean for several indicators, which are listed below.
* growth
* infrastructure condition
* annual water bill
* percent income
* OE/OR ratio
* total asset turnover
For these indicators, the difference between the sample mean and the upper or lower
boundary of the 90% confidence interval is 10% or less. In addition, the coefficients of
variation for these five range from 0.17 to 0.40, so the relative dispersion of sample
values is not terribly dramatic. Perhaps, mean values determined from a sample with
more observations may not deviate substantially from the mean values calculated with
this sample. For the remaining indicators, 90% confidence intervals are wider with
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Growth 10.1% 9.4% 9.5% 9.2 -10.9% 0.93
ill
differences between the sample mean and the upper or lower boundary ranging from 12%
up to 23%, so the confidence in the sample mean diminishes. Interestingly, many of
these indicators such as percent long-term debt or capital effort are generally rather
sensitive to management discretion, so the observed variance within the sample may be
representative of the population. Greater sample size would increase the confidence of
this observation.
6.3.3 Factors Limiting Comparisons
During the research, several issues emerged that limited the full potential of the
methodology. For instance, many of the indicators developed are most useful when a
basis of comparison is available, but certain conditions encountered limited the ability to
contrast some indicators with others. In addition, other issues impacted the reliability or
applicability of some indicators. The sections that follow highlight the more significant
limitations found.
Various situations were discovered that diminished the strength of the comparisons
that could be made. Often, uniformity of definitions was a limiting factor, but such issues
can be resolved by establishing agreed upon standards. Other circumstances are a bit
more problematic. For example, differentiating between retail and wholesale data was
one of the more distressing issues encountered. Several of the trial indicators developed
were anticipated to be quite useful, but they ultimately were not deemed reliable since
distinguishing between retail and wholesale services, facilities, populations, etc. was
problematic. For example, the indicator distribution density (distribution pipe
miles/square miles of service area) could quickly define systems according to the quantity
of pipe per area; higher ratios could suggest a system serves a dense population while
lower ratios could suggest a system serves a scattered population. The trouble in
applying this indicator as anticipated came when trying to distinguish between what was
retail and what was wholesale. Often, the data reported in the sources reviewed did not
differentiate between retail and wholesale pipe miles, service area, etc. If all water
enterprises provided retail services only, then constructing and interpreting this indicator
and similar ones would not be too difficult. When an enterprise provides both retail and
wholesale water, however, the situation is far different.
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For instance, if the service area figure used to calculate distribution density includes
the area of the wholesale customers served, then the indicator will be skewed and
misinterpreted. If one desires to determine a system's annual demand per capita, is the
population served the sum of the retail population and the wholesale population? If the
entire wholesale population served receives 100% of its water from the system, then an
accurate demand per capita can be calculated by dividing the total volume of water
delivered by the sum of the retail and wholesale population. If, however, the wholesale
population served does not receive 100% of its water from the system, then performing
this calculation would inappropriately reduce demand per capita. Certainly, this dilemma
can be solved in a number of ways, but these demonstrations point to some of the
difficulties posed when trying to use quantitative metrics to compare exclusively retail
systems with retail and wholesale systems. Explicitly defining the components of the
proposed metrics is critical to their proper construction and interpretation.
6.3.4 Appraising Infrastructure Condition and Distribution Reliability
The infrastructure condition (IC) indicator, which was calculated for each enterprise
by dividing accumulated depreciation by gross property plant & equipment, was
introduced as a proxy for the level of deterioration and obsolescence in an enterprise's
infrastructure system. All of the enterprises included in the primary data set depreciate
their physical plant on a straight-line basis over an estimate of the useful life of plant
assets. Conceptually, this ratio can serve as a gross approximation of plant condition, and
used independently, it provides a snapshot of the remaining life of the plant assets based
upon management's estimate of their useful lives. One limitation of this indicator is how
well a constant rate of depreciation mimics actual system deterioration, but this limitation
is not easily solved. Park and Sharp-Bette (Park and Sharp-Bette 1990) discuss five
common functional forms used as estimates of deterioration: (a) straight-line, (b)
exponential, (c) negative exponential, (d) limited exponential, and (e) gamma form. The
form chosen is generally based upon a review of historical system data. If one form were
known to provide better estimates of water system deterioration over another, perhaps
depreciation methods could be modified to conform to that estimate. In the absence of
any conclusive research, however, the straight-line method serves as a fair estimation.
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A second limitation is that estimates of useful life, or the period of depreciation,
between enterprises differ. Typically, water mains and treatment facilities were
depreciated at rates varying from 50-100 years and 25-50 years respectively for those
enterprises studied. Without common useful life estimates for all plant assets, IC
indicators between enterprises will be skewed, so systems that depreciate assets at a
quicker rate will have higher IC values than ones that depreciate assets at a slower rate.
This is a shortcoming of this indicator, and one not readily solved since establishing a
national standard for estimates of useful life would be arduous, nor would doing so
necessarily be appropriate. The rate used by an enterprise should reflect management's
judgment of the useful lives of its assets according to existing conditions, and conditions
between enterprises will certainly deviate. Still, the differences between the rates of
depreciation observed were not typically dramatic, so the use of the indicator at a
strategic level as proposed is judged acceptable.
Aside from infrastructure condition, none of the indicators within the core set
effectively suggests how reliable a system's distribution network is. Two indicators
included in the trial pool, percent unaccountedfor water and valve density (gate
valves/distribution pipe miles) do give some evidence of a distribution system's
reliability, but the data to construct these indicators was not widely reported. Future
research needs to address this limitation since the dependability of a distribution network
is a significant factor when evaluating a system's water delivery.
6.4 Final Thoughts
Interestingly, my research brought me full circle. I began this effort to build a tool to
support the emerging engineering systems integration discipline, and I end it convinced
of the need for the discipline. Civil engineering professionals that are responsible for and
support the provision of water nation-wide should reflect upon whether lobbying for a
substantial federal role is worthwhile. Beyond the debate about whether federal
assistance is really necessary, professional credibility is at stake when the situation is
painted as one of such dramatic urgency; since the early 80's, prognostications have been
made of a pending infrastructure crisis. Since that time, the nation's infrastructure has not
magnificently crumbled or failed. Continuing such prognostications risks crying "wolf".
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In addition, many professionals work tirelessly to deliver safe drinking water to the
public, and they deserve better representation than portraying circumstances as nearly out
of hand.
Our profession stands at a crossroads, and our professional organizations have
discussed the prestige and future of the profession at length. Nancy Connery, a member
of the executive board of the Institute for Civil Infrastructure Systems, defines the
profession's challenge quite well in her comments about ASCE's 1998 Report Card for
American Infrastructure:
In the end, I was discouraged that the civil engineering experts offered no fresh insight about
the nation's infrastructure needs in response to the profound shifts underway in our economy,
technology, demographics, and culture. There was no sign that they critically examined their
own fitness in terms of professional education and practice--now and in the future--to make
this judgement at all. If anything, civil engineering appears to be a dwindling star among the
pantheon of higher education engineering specialties as many students turn away from its
mechanical, code-bound model of problem solving. So where will the next generation of
infrastructure visionaries come from? Maybe from outside the profession entirely.
Ultimately, the direction of the profession shall hinge upon whether or not civil engineers
add value to the delivery and management of civil infrastructure systems. If so, the
requisite rewards that the profession seeks shall be given. If not, commodity
compensation will continue its rise. Shown on the cover page of this chapter is a quote
attributed to the Carthaginian General Hannibal as he prepared to cross his army through
the Alps into Italy during the Second Punic Wars; "We will eitherfind a way or make
one ". I propose that this is an appropriate maxim for the profession as it confronts the
infrastructure challenges of this century.
Chapter 6 115
APPENDIX A - TIMELINE OF EVENTS IN BOSTON, NEW YORK AND PHILADELPHIA
Appendix A - Timeline of Events in Boston, New York and Philadelphia 116
Timeline of Events in Boston, New York and Philadelphia
1 7 th Century to Middle of 2 0 th Century
Year(s) Boston New York Philadelphia
1640's Private wells sunk
Private water works
1652 company chartered in
Boston; enterprise fails
Wells sunk on Manhattan
1660's Island
1680's Private wells sunk
16 wells constructed on
1696 Manhattan Island with
private and public funds
498 water pumps city-wide;
1771 120 publicly owned
Colles begins construction of
public water works and
1774 distribution system;
Revolution interrupts effort
Private Aqueduct
Corporation chartered to
1795 bring water from Jamaica
Pond into Boston
Latrobe presents report
"View of Practicability and
1798 Means of Supplying the City
of Philadelphia Wholesome
Water"
Private Manhattan Company
1799 chartered to supply water to
City
Centre Square Water Works
1801 begins operation
249 water pumps city-wide,
1809 but water notoriously bad
40 miles of bored pine
1817 mains supplying 800
families for $10 annually
Improvements to original
1815 -1822 system
DeWitt Clinton presents
1832 report that leads to Croton
Aqueduct project
1837 - 1842
Construction of Croton
Aqueduct
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Year(s) Boston New York Philadelphia
1840 System supplying 3.1 MGD
Construction of Cochituate
1846 - 1848 Aqueduct
Construction of
1875 - 1895 Framingham, Chestnut Hill
& Waban Hill Reservoirs
Construction of New Croton
1885 - 1893 Aqueduct
Construction of Wachusett
1895 - 1910 Reservoir & Aqueduct
Completion of Belmont1904 Water Treatment Plant
Construction of Ashoken
1907 - 1917 Reservoir, Catskill Aqueduct
& City Tunnel No. 1
Completion of Torresdale
1909 (now Baxter) and Queen
Lane Treatment Plants
Construction of Weston
1910 - 1926 Reservoir & Aqueduct, Spot
Pond & Fells Reservoir
Addition of chlorine
1913 disinfection during treatment
processes
Construction of Quabbin
Reservoir & Aqueduct,
1926 - 1946 Hultman Aqueduct & Blue
Hills Reservoir
Construction of City Tunnel
No. 2, Rondout & Neversink
1936 - 1944 Reservoirs & Delaware
Aqueduct
Construction of Cosgrove
1946 - 1978 Aqueduct and City &
Dorchester Tunnels
Construction of East & West
1950's Delaware Tunnels, Pepacton
& Cannonsville Reservoirs
Sources: Boston Water & Sewer Commission, Massachusetts Water Resources Authority, New York City
Water & Sewer System, Philadelphia Water Department, American Public Works Association's History of
Public Works in the United States, 1776-1976, Blake's Water for the Cities: A History of the Urban Water
Supply Problem in the United States
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Review of Relevant Literature and Research
Certainly, the use of indicators is not new. Economic and growth indicators are
regularly used to forecast the outlook for the economy. Meteorological indicators are
commonly applied to predict weather patterns and trends. Environmental indicators are
frequently used to assess human impacts on and changes in ecological systems. In recent
decades, increasing attention has been paid to metrics within the infrastructure
community as the need to stretch the return on scarce investment dollars has climbed and
the scrutiny of public sector performance has heightened. A number of initiatives have
proposed metrics, and review of these and other relevant efforts offered a starting point
for the synthesis that would ultimately result.
A. Early Efforts by the Urban Institute
In 1984, the Urban Institute published a series of guides designed to assist public
sector agencies improve performance. The series entitled Guides to Managing Urban
Capital includes six volumes. Volumes Two and Three, Guide to Assessing Capital
Stock Condition and Guides to Benchmarks of Urban Capital Condition are particularly
relevant to this research (Godwin and Peterson 1984) (Peterson et al. 1984). These
guides represent some of the earliest efforts to address the challenges that needs and
condition assessment and performance measurement pose for the public sector. The
Guide to Assessing Capital Stock Condition provides a nice conceptual discussion of how
and why condition assessment is so important to infrastructure management in its
introduction and concluding chapter. In between, it discusses specific approaches for
different functional areas of infrastructure--roads, bridges, water, and sewer. The section
on water is rather sparse, but it does present the results of an effort in Mamaroneck, NY
to monitor and correct levels of unaccounted for water through annual leak surveys.
The companion document, Guide to Benchmarks of Urban Capital Condition,
provides a good summary of its results to develop infrastructure benchmarks. Difficulties
encountered included: (1) availability of information, (2) uniformity of definitions, and
(3) reliability of information. The study concluded that overall measures of condition for
water and sewer systems have not been developed, but specific indicators of condition
and maintenance practices suggest that cities most vulnerable to problems are doing the
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least to correct them. The section on water distribution systems analyzed four
"benchmarks"--unaccounted-for water, leakage, main breaks, and pipeline maintenance--
using 62 cities as a sample. Not all cities were able to report data in these areas.
B. USEPA Efforts
Beginning in 1976, the USEPA began collecting information about community water
systems in the United States using a detailed and widespread survey instrument to
support its regulatory development initiatives. In 1997, USEPA released its fourth survey
entitled 1995 Community Water System Survey (US Environmental Protection Agency
1997). While not specifically designed as a performance measurement study, it provides
a very good overall picture of the nation's community water systems, and it suggests
areas of concern and certain trends. In addition, it furnishes a substantial amount of
general data about water systems including financial ratios and selected infrastructure
system data. The survey includes discussion of trends in community water system
financing and management as well as a variety of tables that detail such information as
total revenues by ownership type.
C. Water Industry Initiatives
By the early 1990's, the water works research community had begun to respond to the
mounting pressures facing water utilities nationwide. The American Water Works
Research Foundation (AWWARF) sponsored a research effort by the Water Research
Center and published its results in 1996 as Performance Benchmarking for Water
Utilities (Kingdom et al. 1996). Robert Camp's book Benchmarking: The Search for
Industry Best Practices That Lead to Superior Performance, published in 1989, was a
catalyst for the proliferation of performance measurement and benchmarking techniques.
Camp described the processes undertaken by Xerox to regain the company's competitive
edge in the 1980's after it had seen its profits and market share dip. By the early to mid-
90's, his ideas had become quite popular in both the private and public sectors, and
practitioners in the field recognize two distinct forms of benchmarking, metric
benchmarking and process benchmarking. Metric benchmarking is the quantitative
measurement of performance that uses ratios of inputs, outputs, or outcomes as the basis
of comparison. Process benchmarking is the activity of mapping one's own processes
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and subsequently comparing these processes to similar processes from an organization
that is recognized to have exemplary or "world class" performance in the area of interest.
Many in the field describe process benchmarking as the "Xerox Process".
AWWARF's effort examined different methodologies for benchmarking water
utilities. Metric techniques included development of performance ratios and both
univariate and multivariate regression methods that used data from two industry sources,
the American Water Works Association's (AWWA) water industry database (WIiDB, now
known as WaterStats) and the National Association of Water Company's (NAWC)
database, a collection of data exclusively from private water companies. Process
benchmarking techniques were utilized in a detailed case study with the Philadelphia
Water Department to study its handling of non-emergency leaks. The study concluded
that metric benchmarking can act as a tool to help identify areas of both good and poor
performance for a water utility and to monitor trends within the utility. A number of
variables that are outside the control of management, however, limit the extent to which
comparisons are possible through metric benchmarking. Alternatively, process
benchmarking can serve as a methodology for discovering means to improve areas of
poor performance. It is a unique effort designed to study and evaluate specific
organizational processes and to implement improvements discovered by comparison with
exemplary organizations.
Following the benchmarking study, AWWA began developing a voluntary program
known as QualServe in the late 90's, which is offered jointly by AWWA and the Water
Environment Federation (WEF). QualServe is designed to help water and wastewater
utilities achieve comprehensive total quality performance. Through self-assessment, peer
review, and benchmarking processes, twenty to twenty-six important areas of utility
performance--from planning and financing, to operations, maintenance and customer
relations--are examined. AWWARF's current research agenda also includes a
benchmarking study that involves a dozen water utilities across North America.
24 Practitioners term these variables "explanatory factors". Explanatory factors for water utilities are
usually topographic, geographic, demographic, or historical in nature. Explanatory factors serve not only
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In 1996, a group of water utilities formed the Western Regional Water Utilities
Benchmarking Group to search for meaningful benchmarking structures and practices.
Paralez (1999) describes the processes used in the research, its findings, and the group's
plans for using these findings. The group encountered many challenges in determining a
benchmarking approach. The methods used, the lessons learned, and the benchmarking
model tests are discussed in relation to operational definitions, qualitative and
quantitative protocol, data availability, data management practices, maintenance planning
practices, and use of automation. Key findings included unexpected differences in
maintenance strategies and tactics among participating utilities and a general
ineffectiveness at accessing and using collected or stored component data for decision-
making purposes. The article closes with plans for future use of the benchmarking data
and findings to evaluate more specifically differences in practices, outputs, and outcomes.
Andrews, Schuman, and Gowen (1999) report the application of a performance
benchmarking system in a private water company. Consumers Water Company in
Portland, ME developed and implemented a new goal-setting-performance-measurement
system for its regional operating companies. The new system scrutinizes a company's
past and future performance in relation to that of its peers and itself. The approach
performs regression analysis utilizing data from NAWC's database and data from CWC's
subordinate operating companies. The authors report that the methodology is appropriate
for general application and appears to be readily adaptable for use by other water utilities.
D. GASB Initiatives
In 1987, the Governmental Accounting and Standards Board (GASB) issued
Concepts Statement No. 1, Objectives of Financial Reporting, which described the
importance of financial information not only as a tool for accountability but as a tool for
assessment and decision-making within the public sector (Governmental Accounting
Standards Board 1987). The objectives of financial reporting should include the
presentation of service efforts and accomplishments (SEA) information to allow better
evaluation of public sector operations and performance by management, elected officials,
to explain quantitative metrics from utilities but also to help determine which utilities have similar
characteristics for comparison.
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and the public. Following release of this statement, GASB launched a research program
designed to investigate the state of performance measurement in the public sector and to
provide recommendations on the future direction of SEA reporting. Subsequently,
reports were prepared in twelve different public service areas, one of which was water &
wastewater. Part of each report included a recommended set of performance measures
for consideration by governmental entities. Within the water service area, examples of
recommended performance measures include total gallons pumped, metered, and treated;
number of main breaks; and percentage of unaccounted for water. The overall effort
concluded that the time was ripe for widespread experimentation with the use of SEA
indicators in external reports.
GASB followed with Concepts Statement No. 2, Service Efforts and
Accomplishments Reporting, in the spring of 1994. This statement built upon the results
of the research conducted following the issue of Statement No. 1. Here, GASB provided
a rather detailed discussion of a framework for SEA reporting. It placed performance
information into one of four categories: (1) indicators of service effort, (2) indicators of
service accomplishments, (3) indicators that relate service efforts to service
accomplishments, and (4) explanatory information (Governmental Accounting Standards
Board 1994). Indicators of service effort are primarily inputs such as dollar costs of a
service during a period. Indicators of service accomplishments will include outputs and
outcomes. Outputs are simply measures of the workload and outcomes are an indicator
of program results such as timeliness or effectiveness. Indicators that relate service
efforts to accomplishments can also be labeled "efficiency" indicators that are ratios of
input to output or input to outcome. Finally, explanatory information provides pertinent
descriptions of the indicators or mitigating circumstances. GASB anticipates that SEA
information would be provided in a separate report rather than as a part of a community's
comprehensive annual financial report. GASB has a variety of research efforts underway
that are experimenting with the implementation of the concepts presented in Statement 2.
Once complete, GASB intends to carefully evaluate the benefits of SEA reporting against
the costs before it issues its final recommendations.
E. Other Relevant Efforts
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Debt rating agencies such as Standard & Poor's (S&P) or Moody's employ a number
of metrics when evaluating both issuers and issues of public debt instruments. Their
approaches for assessing municipal or regional utilities and their issues typically consider
the condition of the service area economy and the utility itself. When assessing the
utility's financial condition, the rating agencies consider rates and collections, finances,
financial results, and capital improvement efforts. Key financial ratios reported by S&P
include transfers as a percentage of total revenues, accounts receivable/operating
revenues, and total debt/net property plant & equipment. Once appraised, the agencies
assign rating to the issuer or issue that reflects its creditworthiness, and these ratings can
dramatically impact how the debt instruments are priced in the financial markets.
F. Assessment of Other Efforts
The Urban Institute studies in the mid-80's were valuable first steps, and their effort
was one of the first to encounter difficulties resulting from data availability and
consistency that preclude many from conducting comparative analyses between
enterprises and systems. The periodic surveys by the USEPA provide a fairly
comprehensive overview of community water systems through the display of descriptive
statistics, but USEPA's purpose is not to accommodate comparative analysis. Their
objective is to employ inferential statistical techniques to characterize different sectors of
community water systems to support its regulatory functions. This approach provides
anonymity, so a decision-maker cannot determine where different utilities fall within the
sample. Further, since their analysis is limited to regulatory issues, the metrics employed
have a somewhat limited scope. Still, USEPA's survey techniques and results probably
represent the most consistently applied metrics in the industry.
Within the water industry, AWWA in particular has focused recent attention upon
process evaluation and improvement rather than the application of quantitative metrics.
Their QualServe program provides evidence of this emphasis; however, water enterprises
still need tools to conduct quick but reasonable self-evaluations before launching a
reengineering effort. More than likely, AWWA expects that the first phase of its
QualServe program serves this function through the distribution, collection, and
evaluation of surveys of an enterprise's employees. Still, initiating a structured, external
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program at a cost before some form of internal evaluation seems premature. AWWA's
WaterStats database does offer a source of financial and operating data for water
enterprises, but the database's user must decide how to manipulate the data for their own
use. In addition, the data was assembled from a survey instrument, and some members
within the industry question its validity.2 5
GASB has undertaken an aggressive research effort to develop, deploy, and evaluate
the use of performance measures. Certainly, the inclusion of SEA indicator information
in the suite of currently required financial reports would assist many in evaluating public
sector operations. The question that still remains, however, is whether the cost of
supplying this information is worth its benefit. The jury is out on this issue, and given
the public sector's negative reaction to the requirements of GASB's Statement 34 which
recommends full accrual accounting of government general funds, a directive to publish
SEA information is unlikely to be well received. Perhaps, the public sector can make
better use of information that is currently available with only modest supplement. Such
an approach seems particularly favorable for enterprise funds where full accrual
accounting is already practiced.
Certainly, headway has been made in public sector performance measurement and
efforts continue. Application of these techniques appears appropriate for water
enterprises, particularly as the industry transitions, but review of other efforts suggests
five critical issues. First, concerns about data uniformity, availability, and reliability are
significant and warrant consideration. Over time, however, ongoing efforts by
organizations like AWWA and GASB to normalize industry practices, standards,
reporting, and accounting will somewhat reduce these concerns. Second, while a number
of efforts have proposed metrics, very few have actively and widely applied them to
describe and evaluate water systems. Third, the benefits of collecting and evaluating
performance data should outweigh the costs. Accordingly, methods with extensive data
requirements remain suspect. Fourth, quantitative metrics can assist in the discovery of
potential strengths and weaknesses. Their logical utilization then is as a tool for
2 During interviews with local utility managers, several expressed doubts about the validity of the data in
the database.
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diagnosis. Initiating extensive reengineering or condition assessment efforts without a
preliminary but thorough appraisal is like starting surgery before triage. Finally, an
analytic framework is necessary to exact full advantage of the metrics applied. Alone,
ratios or percentages cannot convey valuable information to a decision-maker. A
calculus for their application is essential.
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Appendix C - Trial Indicators
Geographic Setting
Factor Indicators Interpretation
20 regions in the United States as defined by Water
Resources Council which have unique hydrologic
Water Resources Region & topographic profiles; gives indication of
Availability of Supply hydrologic and topographic conditions.
g .a Higher averages suggest better supply conditions
Average Annual Precipitation and fewer issues of scarcity.
Enterprise must contend with environmental issues
Areas of National Interest in/around Service Area at a national scale, i.e. areas such as Florida
Sensitive Ecology Everglades or Yellowstone National Park.
Enterprise must contend with environmental issues
Areas of Regional Interest in/around Service Area at a regional scale, i.e. areas such as Boston Harbor
or Chattahoochee River
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Economic Setting
Factor Indicators Interpretation
External evaluation of state's solvency and general
State Debt Rating economic condition; a proxy for region's economic
General Conditions climate and outlook.
External evaluation of local solvency and general
Local Debt Rating economic condition; a proxy for local economic
climate and outlook.
Median State Household Income Proxy for region's wealth; higher incomes suggestfavorable consumer base.
Wealth Median Local Household Income Proxy for local wealth; higher incomes suggest
favorable consumer base.
Average/Median Local Property Values Proxy for local wealth; higher property values
suggest favorable consumer base.
Trends suggest level of increase/decrease in
Local Population Change consumer base as well as potential for system
expansion requirements.
Trends suggest levels and types of growth; higher
Growth Local Housing Starts/Building Permits levels of housing starts and new construction
permits suggest system expansion requirements.
Miles of New Mains Installed Trends suggest rate of system growth which can be
favorable or unfavorable
System Taps (Connections) Trends suggest rate of system growth which can be
favorable or unfavorable.
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Water Delivery
Factor Indicators Interpretation
Average Daily Demand Average quantity of water delivered; a scalar
Maximum Daily Demand Maximum quantity of water delivered; a scalar
Total Delivery Capacity Level of delivery possible; a scalar
(Production Capacity + Purchase Capacity)
Higher ratios or increasing trends suggest higherDemand per Capita rates of consumption, potential need for
(Avg Daily Demand/Population Served) conservation efforts or programs.
Adequacy Demand per Tap Higher ratios or increasing trends suggest higherAdeqac D iDemand / l Arates of consumption, potential need for
(Avg Daily Demand / Total Active Taps) conservation efforts or programs.
.i As indicator approaches 1, more general stress on
Average Daily Demand / Total Delivery Capacity system and decreasing capacity margin.
Capacity As indicator approaches 1, more stress on system at
Maximum Daily Demand / Total Delivery Cpeak periods and decreasing capacity margin.
Gallons per Day per Pipe Mile Relative indication of demand/stress on the delivery
(Avg Daily Demand / Total Pipe Miles) system.
Relative standing above/below 10% for primarily
Percent Unaccounted for Water retail system and above/below 5% for primarily
wholesale system indicates good/poor delivery.
Efficiency Percent Metered Higher ratios suggest greater accountability of
(Total Metered Taps / Total Active Taps) water use/more accurate billings.
Increasing trends are warning signal; also an
Total Pipe Breaks / Total Pipe Miles indicator of reliability.
Location, type, and redundancy give relative
Source Water Conditions indication of overall supply reliability.
Percent Purchased Water Higher percentage, greater dependence on others
Reliability (Volume Purchased / Volume Delivered for supply.
Distribution Storage Margin Higher ratios suggest greater volume available for
(Volume Distribution Storage / Avg Daily contingencies.
Demand)
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Water Quality
Factor Indicators Interpretation
Days Exceeding Contaminant Standards Suggests how well enterprise and system complywith current drinking water regulations.
Compliance Presence of consent orders suggests significant
Consent Orders from Regulatory Bodies problems that warranted action by a regulatory
body.
Lack of filtration suggests vulnerability to
Treatment Process Filtration regulatory mandates and increased requirements for
source water protection
Higher percentage suggests more control by
Watershed Area Protected / Total Watershed Area enterprise over source water quality and/or level of
watershed management effort
Land use, development, point and non-point
Integrated Management Watershed Characteristics discharge conditions, topography and hydrology allInteratd Maageentimpact source water quality
Distribution Storage Conditions of storage facilities can impact quality
of finished water; covered vs. uncovered, etc.
Unlined Cast Iron Pipe Miles / Total Pipe Miles Higher percentage suggests greater impact by
Idistribution system on drinking water quality
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Infrastructure Systems
Factor Indicators Interpretation
Infrastructure Condition Higher values suggest older, therefore more
(Accumulated Depreciation / Gross Property Plant deteriorated, physical assets in place.
& Equipment)
Capital Effort Higher values suggest greater capital effort
(Construction in Progress / Gross Property Plant & underway; does not differentiate whether effort is
Equipment) development, improvement, or sustainment.
Relative indication of maintenance effort; static: a
Condition neutral indicator - high ratio may suggest
Annual Maintenance Expense / Avg Daily Demand appropriate attention to system maintenance or lack
of productivity; dynamic: decreasing trend a
possible warning signal.
Average Production Facility Age Higher average suggests greater levels of
obsolescence/deterioration
Average Distribution Pipe Age Higher average suggests greater levels of
obsolescence/deterioration
Source Water Location Remote sites generally increase complexity while
contiguous sites reduce complexity
Total Acquisition Pipe Miles Distant source water location may suggest greater
operational/maintenance effort and reliability issues
Total Distribution Pipe Miles Mass of distribution system; a scalar
Service Area (square miles) Geographic area served; a scalar
Complexity Distribution Density Higher ratio, more dense the system(Pipe Miles / Service Area)
Hydrant Density Higher ratio, more dense the system and suggests
(Hydrants / Pipe Miles) greater hydrant coverage.
Valve Density Higher ratio, more dense the system and suggests
(Gate Valves / Pipe Miles) greater ability to isolate areas in system.
Meter Density Higher ratio, more dense the system
(Meters / Pipe Miles)
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Management Systems
Factor Indicators Interpretation
Governance/Structure Independent enterprises are less susceptible to
outside intervention.
Volatility or increasing trend suggests an unstable
Autonomy/Flexibility Annual Transfer Payments / Total Revenues relationship/policy between enterprise and
companion municipality or political entity.
Contributed Capital / Total Assets Higher ratios suggest enterprise possibly dependent
upon external aid for capitalization.
Average Collection Period Indicates efficiency of collections; lower ratio
(Average Accounts Receivable/Operating suggests greater efficiency.
Revenues) * 365
Total Asset Turnover Indicates efficiency of asset utilization; higher ratio
Efficiency (Operating Revenues / Total Assets) suggests greater efficiency.
Total Operating Expenses / Total Operating Indicates percentage of operating expenses to costs;
Revenues lower ratio suggests greater efficiency
Total Operating Expenses / Avg Daily Demand Normalized operating expenses; a scalar
Capitalization Reflects enterprise's access to different forms of
capital and how it has chosen to use them.
Enterprises with responsibilities across the water
Posture Responsibilities (water, wastewater, stormwater) cycle may be better positioned for total water
management.
Management Strategies/Systems Qualitative assessment of initiatives and approaches
to enterprise and system management.
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Financial Systems
Factor Indicators Interpretation
Debt Rating External evaluation of solvency and outlook.
General Condition Snapshot of enterprise reliance on different forms
Capitalization of capitalization.
Operating Ratio Higher ratio suggests greater coverage of operating
(Operating Revenues / Operating Expenses) expenses.
Current Ratio Lower ratio may suggest insufficient cash or
(Current Assets / Current Liabilities equivalents to cover short-term expenses.
Percentages of different categories of operating
Allocation of Operating & Total Expenses expenses may assist in identification of cost
reduction initiatives
Operating Posture Higher ratio suggests over-reliance on non-Percent Non-Operating Revenues recurring revenues.
Percnt on-Oeraing xpesesHigher ratio suggests too many expenses outside ofPercent Non-Operating Expenses operations.
Percnt eveue nd olum byConume Setor Equitable mix suggests that consumer base is morePercent Revenue and Volume by Consumer Sector stable, so enterprise is less vulnerable
Top ustmer byVolue &RevnueLarge customers can increase vulnerability sinceTop Customers by Volume & Revenue reduction in demand can adversely impact revenues
Interest Coverage Higher ratio suggests greater coverage of debt
(Operating Income / Interest Expense) obligations
Debt Posture Percent Long Term Debt Higher ratio suggests greater leverage; as
((Total Liabilities-Current Liabilities- constructed assumes that all non-current liabilities
Adjustments)/Total Assets) are equivalent to debt.
Cost of services to consumers; higher bills may
Annua ConumerBillpreclude necessary rate adjustments due toAnnual Consumer Bill political/consumer pressure while lower bills may
indicate unwillingness to make needed adjustments.
Rate Condition Percent of Local Median Household Income Normalized bill; gives indication of bill's impact
(Annual Consumer Bill / Local Median Household relative to local wealth
Income)
Substitute for Percent Local if local data
Percent of State Median Household Income unavailable.
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Indicator Examples
Brief descriptions of several trial indicators follow.
A. Water Resources Region - Area: Geographic Setting
In the 1970's, the US Water Resources Council completed research that delineated the
continental United States into 18 distinct regions based upon hydrologic and topographic
conditions with the states of Alaska and Hawaii having their own regions. Generally,
these regions are defined by the major drainage basin in each area; for example, the
No. Name
1 New England
2 Mid-Atlantic
3 S. Atlantic Gulf
4 Great Lakes
5 Ohio
6 Tennessee
16 7 Upper Mississippi
8 Lower Mississippi
8 9 Souris-Red-Rainy
10 Missouri
7 6 11 Arkansas-White-Red12 Texas Gulf
13 Columbia N. Pacific
12 14 Upper Colorado
15 Rio Grande
19 16 Great Basin
17 Lower Colorado
18 California S. Pacific
19 Alaska
20 Hawaii
Missouri Region follows the drainage basin of the Missouri River and its tributaries. The
figure above depicts an illustration of the 20 regions throughout the United States. These
regions provide a ready basis for discriminating between geographic areas of the country
in a manner significant to water supply since each has a distinct hydrologic profile.
Water systems and enterprises within the same water resources region will have similar
watershed and rainfall conditions. Further, certain regions will share like characteristics
such as the New England and Mid-Atlantic Regions. Accordingly, a system's water
resources region provides a convenient method for differentiating geographic areas of the
country.
B. Local Population Change - Area: Economic Setting
A locale's population change is a reasonable indicator of growth, and understanding a
region's growth patterns is important for system planning. The most obvious impact is
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upon a system's capacity. As population increases, the demand for water and wastewater
services follows suit. How well an enterprise anticipates and positions itself can
determine how effectively it is able to fulfill the increasing demand for services. Relative
levels of growth also suggest the types of investments necessary, and this is the primary
purpose of the indicator for this research. For example, the investment opportunities of a
system with low growth are likely to differ from those of a system with high growth.
More than likely, a low growth system is better positioned to focus upon re-capitalization
than a high growth one since it is not as pressured by expansion needs. A variety of
sources publish population estimates and trends, but this research relied upon estimates
by the US Census Bureau of population changes in metropolitan service areas between
1990 and 1999.
C. Unaccounted for Water - Area: Water Delivery
Unaccounted for water (UAW) is a significant metric for evaluating the overall
efficiency of water delivery. UAW is the ratio of volume of water billed to volume of
water delivered (or pumped). Normally, it is expressed as a percentage, but occasionally,
it is expressed as a volume. Sources of unaccounted for water include: (a) unmetered
public use, (b) meter slippage and errors, (c) unmetered consumer use, (d) estimated use,
(e) main breaks, (f) leaks, and (g) theft. Some percentage of UAW is considered
acceptable since a variety of unmetered public uses such as hydrant testing and main
flushing are quite legitimate and some frequency of main breaks and leaks are
unavoidable. Most practitioners within the industry agree that a 10% rate for a primarily
retail system and a 5% rate for a primarily wholesale system are satisfactory.
Aside from legitimate public uses, UAW basically represents water that is not put to
productive use or does not generate revenue. Accordingly, an incremental monetary
value can be estimated for a unit of UAW where this value is equivalent to the cost of
acquisition, production, and distribution of the unit or the potential revenue generated by
the unit. The difficulty is determining accurate monetary values to assign differing units
of UAW. In some cases, part of the value is fairly explicit. Consider the following
examples. If a system has UAW of 20% and it purchases 100% of its water from a bulk
supplier, then part of the monetary value of a unit of UAW equals the cost of an
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equivalent unit of purchased water. By reducing UAW, the system can expect equivalent
reductions in bulk water purchase costs. If a system has UAW of 20% and it estimates
that 3% is the result of residential meters that are under recording usage, then the
monetary value of a unit of this UAW equals the revenue that could be generated by an
equivalent unit of consumed water. Regardless of the accuracy of such estimates, taking
this approach can allow an enterprise to determine what level of reduction effort is
economically warranted.
D. Filtration - Area: Water Quality
Systems relying on primarily surface water as a source without filtration are under
tremendous scrutiny by the USEPA resulting from the Surface Water Treatment Rule.
For instance, New York City's water supply system is in the midst of its third extension
of a filtration avoidance agreement with the USEPA. Under conditions of the agreement,
New York can continue to be relieved of the requirements for filtration of its Catskill and
Delaware systems until further determination by USEPA in 2002 as long as a number of
conditions are satisfied. Another example is the Massachusetts Water Resources
Authority's (MWRA) recent court battle with the USEPA. In 1998, the US Department
of Justice representing the USEPA filed suit against MWRA to require addition of water
filtration facilities to a new plant scheduled for construction at Walnut Hill in
Marlborough, MA. MWRA contended that its analyses suggested that the quality of
water provided from its remote Quabbin and Wachusett reservoirs was high enough to
avoid the need for filtration to meet drinking water standards. MWRA also argued that
its aggressive watershed protection program coupled with directing the savings from not
building the filtration facilities toward investments in the upgrade and rehabilitation of its
member communities' distribution systems was a better current strategy. In May 2000, a
US District Court ruled in favor of MWRA.
E. Infrastructure Condition - Area: Infrastructure Systems
This research introduces the infrastructure condition indicator (IC) as a gross
approximation of the condition of a system's physical assets. IC is the ratio of
accumulated depreciation to gross property plant and equipment (GPPE), and its logic is
quite simple. The vast majority, if not all, of water enterprises account for physical assets
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at original or historical cost, and then depreciate these assets on a straight-line basis over
the estimated useful life of the asset. For any physical asset added to the inventory, it is
recorded in the period added at its cost, and it is then depreciated in subsequent periods at
a constant rate. For example, if at time t = 0, an asset is added to the inventory at a cost
of $10 million dollars, and its useful life is estimated at 75 years, then at time t = 1 yr,
depreciation for this asset would be charged at roughly $133,333. At time t = 10 yrs, the
infrastructure condition for this asset would be:
Indicator = Accumulated Depreciation + Original Asset Value
Indicator = (10*$133,333) + $10,000,000 = 13.3%
Since a straight-line depreciation rate mimics a deterioration rate, this indicator suggests
that the asset has 87% of its useful life remaining or alternatively that 13% of the asset
has been used up. Undoubtedly, this is not a perfect measure, but it is a reasonable
approximation of the condition of the asset. The same logic applies to a full collection of
assets where GPPE represents the original cost of the complete collection of assets along
with capital improvements and accumulated depreciation is the total depreciation charged
to the collection. Accordingly, IC is a rough estimate of the condition of the asset
collection.
F. Capital Effort - Area: Infrastructure Systems
This research also introduces the capital effort indicator (CE), and it is similar to the
infrastructure condition. This indicator is the ratio of construction in progress to gross
property plant and equipment (GPPE), and it gives an indication of the capital investment
effort underway in any period. Alone CE cannot suggest whether the effort is one of re-
capitalization or capital expansion, but used in tandem with other indicators it can furnish
some sign of the type of effort. For instance, local population growth indicator and IC
may be useful for this purpose. If an enterprise is experiencing low growth and it has a
high IC, then more than likely, the construction underway is predominantly a re-
capitalization effort. Conversely, if an enterprise is experiencing high growth and it has a
low IC, then the construction underway is likely focused upon capital expansion.
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G. Average Collection Period - Area: Management Systems
Average collection period is a commonly applied financial ratio, which measures an
enterprise's efficiency at collecting billings in days. Essentially, it indicates the lag
between the date of sale and the date payment is received. It is calculated by taking
average accounts receivable dividing it by operating revenues and multiplying the result
26by 365. Normally, the denominator is sales rather than operating revenues; however,
this research utilized operating revenues since water sales and operating revenues for
most water enterprises are nearly equivalent and data on operating revenues is more
readily available. If this assumption does anything, it portrays average collection period
more favorably than it actually is. This indicator allows quick comparison to
management collection goals or between enterprises.
H. Percent Long Term Debt - Area: Financial Systems
This indicator gauges an enterprise's leverage by calculating the ratio of total
liabilities minus current liabilities and any adjustments and dividing by total assets.
Treated as such, this assumes that all non-current liabilities are debt equivalent, and for
most water enterprises this assumption is valid since long-term obligations other than
debt generally reflect long-term claims against enterprise assets. Percent long-term debt
suggests how an enterprise has utilized debt to finance its operations. Generally, water
enterprises are well positioned to take advantage of capitalization through debt since they
have relatively low default risks and can obtain agreeable borrowing terms. In a sense
then, this is a neutral indicator since a high or low value does not necessarily reflect
favorably or poorly upon the enterprise. Used with other indicators, however, it does
26 Average accounts receivable is calculated by averaging current and previous period accounts receivable;
accounts receivable is a balance sheet item which is a "snapshot" while operating revenues is an income
statement item, which is measured over a period. Standard practice is to average beginning and end of year
balance sheet items.
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provide an idea of how easily an enterprise can resort to debt to fund future needs or it
may suggest an unwillingness to utilize debt advantageously.
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APPENDIX D - APPLYING THE METHODOLOGY
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A. Assigning Structure & Core Function Tags
The structure tag is assigned by examining the governance, water, wastewater and
stormwater indicators. The tag is an alphabetic label of up to 4 letters as illustrated in the
figure below.
Governance Water Wastewater Stormwater
Wr W S
-or- -or- -or- -or-
m ww omitted omitted
-or-
Wrw
The first letter is either an "i" or "m" depending upon the state of the governance
indicator. Determining whether an enterprise is either independently or municipally
governed requires an assessment of the enterprise's organization, authority and municipal
ties. The answers to four basic questions will generally allow a decision-maker to assign
the governance indicator's value: (a) is the enterprise a municipal public works division?
(b) does the enterprise have a separate board of trustees or commissioners that oversees
its finances and operations? (c) does the enterprise or its board retain budget and rate
approval authority? and (d) does the enterprise transfer operating funds out of its
accounts to the municipality that it serves? For example, an enterprise organized as a
public works division without a separate board that does not hold final budget and rate
approval authority is municipally governed. As a rule of thumb, enterprises that report
their financial information as part of a municipality's comprehensive annual financial
report are usually municipally governed. The second letter, which is always present for a
water provider, is a "w" indicating the enterprise provides water services and it is
subscripted with "r" and/or a "w" if it provides retail and/or wholesale water service. A
third letter of "w" is assigned if the enterprise provides wastewater services. If the
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enterprise does not provide services in the wastewater sector, this letter is omitted. The
final letter is an "s", and it is assigned if the enterprise is responsible for stormwater; if
not, it is omitted. The table below gives examples of the structure tags assigned to
different types of enterprises. The structure tags quickly delineate different enterprises
by sectors and responsibilities.
Description of Enterprise Tag Assigned
Operates as a municipal department and
provides only retail water services mwr
Operates as an independent authority and
provides retail water and also provides iwrw
wastewater services
Operates as an independent authority and
provides retail and wholesale water and iwrww
also provides wastewater services
Operates as a municipal department and
provides retail water and wastewater mwrws
services and is responsible for stormwater
Several indicators are applied to assign the core function tag, and the tag is also an
alphabetic label that has up to three letters as illustrated in the figure below.
Acquisition
A
-or-
a
-or-
omitted
Production
P
-or-
p
-or-
omitted
Distribution
D
-or-
d
-or-
omitted
The first step is determining the scope of an enterprise's acquisition function to decide
whether or not an "A" or "a" is assigned or if it is omitted. Four indicators are chosen for
this purpose to examine the enterprise's primary sources of raw water. Single source is a
binary indicator that is either true or false; the indicator is assigned a true value if the
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enterprise collects all of its raw water from one source or watershed, otherwise it is false.
Source type is another indicator that is ground, surface or purchased for each primary
source. Impoundment is another binary indicator that is either natural or constructed for
each primary source; the indicator is assigned as "natural" if the source is naturally
impounded. If impoundment is affected through the construction of retention facilities,
then it is assigned as "constructed". Acquisition miles is a scalar defined as the
approximate distance from the primary water sources to the point of production. The
criteria for assigning the letter and its case or omitting it are not absolute, but require
judgment. Generally, the letter is omitted if source type is ground or impoundment is
natural. Under these circumstances, the enterprise benefits from its geographic location
since watershed and topographic conditions provide a ready source of raw water of
adequate volume and quality. If the enterprise must collect and impound raw water with
constructed facilities, the letter is assigned. The case of the letter is generally determined
by the scalar acquisition miles, which provides evidence of the scale of the acquisition
effort. For example, an enterprise that has multiple, distant, surface reservoirs is assigned
"A". An enterprise that has a single, nearby, surface reservoir is assigned "a".
The assignment of the letters "P" or "p" and "D" or "d" follows similar logic
according the scope of an enterprise's production and distribution functions. Three
indicators are chosen for assigning the letter "P" or "p" or omitting it. Filtration is a
binary indicator that is either true or false. Its value is determined by whether or not the
enterprise filters its raw water during production. Percent produced and percent
purchased are ratios of the volume of water produced by the enterprise to the total water
delivered and the volume of water purchased by the enterprise to the total water
delivered. Three indicators are also chosen for assigning the letter "D" or "d" or omitting
it. Distribution miles is a scalar that measures the total miles of distribution mains in the
water system. GPD/Distribution Mile and Taps/Distribution Mile are ratios that indicate
the average daily volume of water that flows per mile of distribution main in the system
and the density of taps (or connections) per mile of distribution main. Again, the
assignment of the letter and its case or its omission is a matter of judgment. For example,
an enterprise that produces 100% of its water but does not filter it will be assigned the
letter "p". An enterprise that purchases 100% of its water will have the letter omitted.
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An enterprise with 1,500 miles of distribution mains, 220,000 gallons per day per
distribution mile and 75 taps per mile will be assigned the letter "D". The table below
gives examples of the core function tags assigned to different enterprises.
Description of Enterprise Tag Assigned
Significant acquisition, production, and APDdistribution activities
Significant acquisition and production Apd
activities, but modest distribution activities
No acquisition or production activities, but D
significant distribution activities
B. Understanding the Setting
Four indicators describe a system's setting: water resources region, average annual
precipitation, median household income, and population growth. Water resources region
serves to locate the system according to hydrologic conditions. Average annual
precipitation suggests the local availability of water, median household income the local
wealth, and population growth the local population and economic conditions. The mix of
these circumstances has varying impacts upon water systems. Low availability coupled
with high wealth and growth may indicate the presence of scarcity issues, but it also may
imply favorable conditions for expanding an enterprise's revenue base. Similarly, high
availability coupled with low wealth and growth may preclude scarcity issues, but it may
imply unfavorable local economic conditions that could restrict alternatives for
generating needed additional revenue. Regardless, these indicators communicate
meaningful information about a system's setting and the potential influence that it may
have upon management strategies and decisions.
C. Assessing the Development, Improvement, & Sustainment Balance
Indicators that suggest the status of system demand, capacity, obsolescence, and
deterioration communicate the balance of development, improvement, and sustainment
investments needed for the system. Ten indicators assist in the assessment of a system's
potential capital needs. Infrastructure condition (IC) and population growth serve as the
primary keys and eight others are secondary: (a) capital effort (CE), (b) single source,
(c) acquisition miles, (d) filtration, (e) violations, (f) other issues, (g) average daily
demand/production capacity, and (h) maximum daily demand/production capacity. IC
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suggests the comparative condition of an enterprise's collection of assets and acts as the
chief indicator of system deterioration and obsolescence. Population growth depicts the
relative growth occurring in the enterprise's general service area and suggests the level of
potential system expansion needed. Mapping these two indicators gives a general
indication of the capital requirements posture of an enterprise. Higher IC values suggest
that a system's physical assets are in comparatively worse condition than those of similar
systems. Higher population growth values suggest greater expansion needs to fulfill
increasing demand in the service area. Lower values for both imply the opposite. For
example, the capital requirements of an enterprise with IC much greater than 1 and
population growth much less than 1 are more likely to be infrastructure replacement and
renewal rather than system expansion. Further, it is favorably postured to implement a
re-capitalization program since it is likely to experience minimal demands for system
expansion. The resulting balance of investments then should target improvement and
sustainment of the system. Alternatively, an enterprise with IC and population growth
indicators much greater than 1 is likely to have significant requirements for re-
capitalization and expansion. Such a posture is the most precarious since the demands
for system re-capitalization and new development are likely to compete against each
other. When constraints are present, expansion needs generally take precedence and the
backlog of renewal and replacement requirements expands. Under these circumstances,
striking a balance between development and improvement/sustainment investments is
more difficult, but it is critical to prevent the neglect of existing assets.
The secondary indicators serve to support the observations made after mapping IC
against population growth and to propose areas where other types of needs may be
present. The chosen indicators are intended to depict the presence of substantial issues of
production capacity, source reliability, or water quality issues as well as other mitigating
circumstances which might affect an enterprise. CE provides a snapshot of an
enterprise's current capital effort, with a low or high value furnishing an indication of the
current program underway. Depending upon the situation, the indicator may help
determine where current capital is directed. For example, if an enterprise is experiencing
high population growth and its CE is relatively low, then more than likely the capital is
directed toward expansion needs and not re-capitalization. The two capacity ratios, avg
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daily/production capacity and max daily/production capacity, further illustrate an
enterprise's demand versus capacity situation. Ratios near 100% imply more urgent
capacity issues than lower ratios and would swing the balance of needed investments
toward development. Single source and acquisition miles indicators hint at major
reliability considerations. Systems with a single source or distant sources can be
vulnerable without appropriate contingency facilities or plans. Similarly, it may also
indicate a need for broadening the source water portfolio, particularly if any level of
scarcity is present. Violations indicates the presence of potentially substantial water
quality issues, and the lack of filtration is an increasingly significant condition. SDWA
and its amendments all but require the filtration of surface water, and USEPA has begun
acute oversight of systems without filtration. At a minimum, enterprises utilizing surface
water sources without filtration are likely to experience increases in watershed protection
requirements and may ultimately be required to add filtration facilities. Other issues
suggests competing or unique classes of need. For example, enterprises that are
responsible for wastewater systems that experience combined sewer overflows (CSO's)
may see the priority of effort directed to resolve this dilemma. In addition, systems
subject to seismic activity have unique circumstances that can influence the direction of
capital investments.
Reviewing these indicators provides a decision-maker with a broad overview of a
system's capital needs and the resulting balance of investments required. Systems in
areas of high growth are most likely to demand development investments over any other
type. Unfortunately, capital constraints normally dictate this result and can make
enterprises particularly vulnerable to expanding replacement and renewal backlogs
particularly when other circumstances further complicate investment decisions. Unique
and competing needs can also strain current capital sources. Enterprises under greater
investment stress are most likely to benefit from proactive management of their assets
and to seek innovative fiscal solutions.
D. Assessing Debt, External Capital, & Retained Earnings Opportunities
Ten indicators assist a decision-maker in the evaluation of an enterprise's potential for
funding from the general sources of debt, external capital and retained earnings: (a)
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interest coverage ratio, (b) percent long-term debt, (c) percent contributed capital, (d)
percent household income, (e) operating expenses/operating revenues ratio (OE/OR
ratio), (f) annual residential water bill, (g) non-operating expenses/total expenses, (h)
total asset turnover, (i) average collection period and (j) rate design. These indicators
can suggest how readily an enterprise can obtain funding from one of the three sources.
The first two indicators suggest an enterprise's access to additional debt. Interest
coverage ratio indicates how well an enterprise is covering current debt obligations. It is
the principal key for determining current debt opportunities where higher ratios suggest
greater access. Percent long-term debt reflects an enterprise's current leverage. Here, it
is a rather neutral indicator since its value may or may not be limiting; however, if the
capital pressures are high and leverage is also high, then debt may not provide the
balance of funding necessary. Percent contributed capital indicates how much of an
enterprise's capitalization is attributed to external contributions. Higher percentages
suggest that an enterprise has obtained capital from this source successfully in the past,
and therefore, it is more likely to obtain it from this source in the future.
The seven remaining indicators suggest how an enterprise can make incremental
improvements to retained earnings through operational changes. Undoubtedly, retained
earnings increases may also permit additional leverage. Percent household income and
OE/OR ratio serve as the primary indicators of an enterprise's retained earnings
opportunities. Percent household income shows an enterprise's average cost to its
residential consumers for water services rendered, and it is a normalized indicator of the
current residential water bill. Since the nominal value is a percentage of the annual
residential water bill to an estimate of median household income, it accounts for regional
differences in wealth where a higher/lower water bill may not necessarily reflect a
higher/lower burden on income. Comparatively high values suggest that an enterprise
may not be able to freely increase its rates to raise revenues and consequently bolster
retained earnings. Consumer and political pressures mount when rates are higher than the
norm. OE/OR ratio marks an enterprise's current operating margin. A comparatively
high value indicates that an enterprise is positioned to discover more dramatic
opportunities to increase the margin. Conversely, a relatively low value possibly
suggests limited opportunities to further increase it. The retained earnings opportunities
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possible depend on the pairing of the two indicators. The table below summarizes the
different pairings and their interpretations.
Percent Income OE/OR ratio Interpretation
Low High Favorable for increases to retained earnings by both adjusting rates
and discovering areas for cost reductions
Low Low Favorable for increases to retained earning by adjusting rates
High High Favorable for increases to retained earnings by discovering areas for
cost reductions
High Low Limited opportunities for increases to retained earnings
The remaining indicators are secondary and available to support the observations
made using the primary indicators. Annual residential water bill is the average cost of
water for a residential consumer according to a common consumption volume. While it
is not normalized, it does illustrate the actual cost of water to a residential consumer. In
addition to conveying the current burden of interest/non-operating expenses, Non-
operating expenses/total expenses implies how dramatic an impact that increased
operations efficiencies might have. Higher values diminish this likelihood while lower
values increase it. Both average collection period and total asset turnover are indicators
of operational efficiency. Comparatively high or low values provide further evidence of
the likelihood of improving retained earnings through reduction of costs. Finally, rate
design depicts the type of residential rate in place. The presence of a less sophisticated
rate, such as a uniform or declining design, might suggest an opportunity to adjust the
rate structure to support capital formation or rationing.
E. Summary
The core indicators and analytic framework proposed provide a methodology for
defining an enterprise's current posture. First, enterprises can be delineated by their basic
structure, functions, and setting. This structuring process can bolster subsequent
comparisons between similar and dissimilar enterprises. Second, enterprises can be
assessed to determine potential capital needs and opportunities. Certainly, the insights
granted are not unequivocal, but the snapshot supplied offers a glimpse of the demands
upon an enterprise and how well positioned it is to fulfill them. Appendix E provides a
demonstration of the methodology through an illustrative case study.
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A. Introduction
A step-wise application of the core indicators is presented to demonstrate the details
of assigning structure and core function "tags" and assessing an enterprise's potential
capital needs and access to capital. Four enterprises were selected for the demonstration,
and each one is from one of the four major geographic regions of the United States: (1)
Boston Water & Sewer Commission (BWSC), (2) Tampa Water Department, (3)
Cleveland Division of Water, and (4) Denver Water.
B. Assigning the Structure Tag
The structure tag is assigned by examining the states of the governance, water,
wastewater and stormwater indicators for each enterprise. The table below summarizes
these indicators for the enterprises in the case study.
Indicator Boston Tampa Cleveland Denver
Governance Independent Municipal Municipal Independent
Retail Water True True True True
Wholesale Water False True True True
Wastewater True False False False
Storm water False False False False
Other False False False False
Tag iwrw mwrw mwrw iwrw
Both BWSC and Denver Water are governed by independent boards that have
authority to set and approve rates and budgets. Accordingly, their first letter is an "i".
The Tampa Water Department has a board of directors, but it is subject to oversight of
Tampa's City Council, and the Council retains approval of rates set by the board. The
Cleveland Division of Water is a division within the City's Department of Public
Utilities, and Cleveland's City Council approves its rates and budget. Both Tampa and
Cleveland are assigned "m" for their first letter. All four provide retail water services,
and Tampa, Cleveland and Denver also provide wholesale water services. BWSC is
assigned a "w," while the other three are assigned a "w," for their second letter. BWSC
also provides wastewater services, so it is assigned a third letter of "w".
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C. Assigning the Core Functions Tag
The indicators that are summarized in the table below are considered to assign a core
functions tag to an enterprise.
Single Source Yes No Yes No
Acquisition N/A < 20 < 20 105
Miles
Principal MWRA Hillsborough Lake Erie S. Platte
Source River Collection
Type Purchased Surface Surface Surface
Impoundment N/A Natural Natural Constructed
Source 2 -Local Moffat
So__rc ____~_Wellfields Collection
Type - Ground - Surface
Impoundment - Natural - Constructed
Source 3 -RobertsS___re_3_-_-___Collection
Type - - Surface
Impoundment - - Constructed
Filtration N/A Yes Yes Yes
Percent 0% 100%* 100% 100%
Produced
Percent 100% 0%* 0% 0%
Purchased
Distribution 1,100 2,100 4,800 2,500
Miles
GPD/Dist Mi 62,050 35,250 55,850 82,850
Taps/Dist Mi 79 55 85 84
Tag D PD PD APD
The first letter is assigned according to the scale and scope of the acquisition
function of the enterprise. Boston acquires 100% of its water from a bulk supplier, while
both Tampa and Cleveland withdraw raw water from a natural source that is located
nearby. Denver, however, reaches into the Rocky Mountains to collect, impound and
transport raw water through a series of reservoirs and tunnels to bring it to its production
facilities. In some cases, raw water is collected and transported from a distance of over
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100 miles. Given these circumstances, Denver is assigned an "A", and it is the only one
that has a letter assigned. The second letter is assigned according to the scale and scope
of the production function. Boston purchases all of its finished water while the
remaining three produce all of their finished water and filter their raw water during
treatment. All but Boston are assigned a "P". The final letter is assigned according to the
scale and scope of the distribution function. All four manage rather large retail
distribution networks, so they each are assigned a "D".
D. Understanding Setting
Four indicators suggest the general geographic and economic conditions within an
enterprise's service area, and these are depicted in the table below.
Indicator Boston Tampa Cleveland Denver
Water Resources South Atlantic Great Lakes Missouri
Region Gulf
1.38 1.46 1.22 0.51Precipitation (41.5") (43.9") (36.6") (15.4")
Median Income 1.21 0.84 1.05 1.29($47,882) ($33,234) ($41,487) ($51,175)
Population 0.22 1.01 0.09 2.17
Growth (2.2%) (10.2%) (0.9%) (21.9%)
This table includes the first set of comparative indicators. Recall that a comparative
indicator has two values, a nominal value and an indicator value. The nominal value is
the "actual" or "calculated" value for the indicator while the indicator value is a
dimensionless value calculated by dividing the nominal value by a threshold value. See
Chapter 3 and Appendix D for further discussion. Each of these four enterprises resides
in a different water resources region. The continental United States has eighteen water
resources regions, and each region has distinct hydrologic and topographic conditions.
By far, Denver has the driest climate of the four with average annual precipitation
measuring just above 15". Tampa has the lowest median household income, and both
Boston and Cleveland have experienced relatively low levels of population growth over
the last 10 years; alternatively, the Denver area has grown rather rapidly.
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E. Assessing Capital Needs
The indicators to assess an enterprise's capital needs are shown in the table below.
Growth 0.22(2.2%)
1.01
(10.2%)
0.09
(0.9%)
2.17
(21.9%)
IC (Acc Dep/GPPE) 0.66 1.10 0.84 0.82IC(Ae epGPE) 19.7%) (33.0%) (25.2%) (24.6%)
Secondary
CE (CIP/GPPE) 0.88 1.15 0.28 0.49(13.1%) (17.2%) (4.2%) (7.2%)
Single Source Yes No Yes No
Acquisition Miles N/A < 20 < 20 105
Filtration N/A Yes Yes Yes
Avg Day/Prod Cap N/A 61%(74%) 58% 31%
Max Day/Prod Cap N/A 86%(105%) 86% 71%
Violations None None None None
Other Issues CSO's Lake ErieWater Quality
Development
Investment Class Sustainment & Sustainment Development
Improvement
Development Type Capacity Capacity DistributionExpansion Expansion? Expansion
CSOPending SourceOther Needs Resolution 
- Appraisal of Reliability
I__I_ I_ Lake Erie
The indicators population growth and infrastructure condition (IC) initially suggest
the tension between expansion and re-capitalization requirements and serve as the
primary indicators of an enterprise's capital needs. Both Boston and Cleveland have
comparatively low growth (0.22 and 0.09) and IC (0.66 and 0.84) indicators; these values
suggest that the balance of their capital needs are sustainment requirements since the
demand for system expansion is low and the condition of their infrastructure appears
favorable. Tampa's growth indicator is just above the threshold at 1.01, and its IC
indicator is 1.10; these values suggest that its capital needs are development and
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improvement requirements. Finally, Denver's growth indicator is quite high at 2.17, and
its IC indicator is relatively low at 0.82. Its capital needs are likely to be development
requirements.
A set of secondary indicators provides additional insight into the possible capital
requirements of an enterprise. These indicators suggest production capacity, source
reliability and water quality issues as well as other conditions that might impact an
enterprise. For instance, under normal conditions, Tampa's average day
demand/production capacity ratio is 61% while its maximum day demand/production
capacity ratio is 86%; these ratios, although on the higher side, suggest that Tampa's
production capacity is adequate to meet current demands. Under certain conditions,
however, the amount of raw water that it can withdraw from the Hillsborough River, its
primary source, is reduced which effectively decreases its production capacity. When
these conditions exist, the capacity ratios increase to 74% and 105%. When daily
demands approach the maximum day demand for the system, Tampa's production
capacity is inadequate, so it faces near-term capacity expansion requirements. In fact,
Tampa is currently increasing the capacity of its primary production facility. Denver is
the only one of the four that manages extensive acquisition facilities, so it has source
reliability requirements that the others do not. Finally, Boston has combined sewer
overflow (CSO's) problems while Cleveland is awaiting an assessment of Lake Erie's
water quality by its state environmental protection agency. The outcome of this
assessment could change Cleveland's source water posture.
F. Assessing Capital Opportunities
The indicators to determine an enterprise's capital opportunities are depicted in the
table below. These comparative indicators are reviewed to determine an enterprise's debt,
external capital and retained earnings opportunities. The interest coverage ratio is the
primary indicator of an enterprise's ability to obtain capital through borrowing while
percent long-term debt illustrates an enterprise's current leverage. Boston is the only one
of the four that has an interest coverage ratio below the threshold, and it is already fairly
leveraged. More than likely, its access to additional debt is limited without a change in
its operating posture. Tampa and Cleveland both have coverage ratios well above the
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threshold, so they should be able to access additional debt without any change in their
operating postures, although Cleveland's current leverage may preclude it from
borrowing too heavily. Denver's coverage ratio is above the threshold but not
substantially, so it might be capable of borrowing to some degree.
Interest Coverage 0.87(1.14)
4.65
(6.04)
3.63
(4.72)
1.23
(1.60)
T rm D 1.30 0.49 1.42 0.71Long-Term D (46.4%) (17.5%) (51.0%) (25.6%)
Contributed Capital
0.67 0.35 0.01 1.47% Cont. Capital (15.8%) (8.3%) (0.2%) (34.8%)
Retained Earnings
Primary
1.09 0.87 0.81 0.67
Percent Income (0.71%) (0.56%) (0.52%) (0.43%)
0E/OR Ratio 1.10 0.88 0.75 0.98(88.6%) (71.4%) (60.8%) (78.9%)
Secondary
C CPGP)0.88 1.15 0.28 0.49
CE (CIP/GPPE) (13.1%) (17.2%) (4.2%) (7.2%)
1.20 0.66 0.77 0.78
Annual Bill ($340) ($186) ($217) ($222)
NonOps Exp/ Tot 0.72 0.44 1.35 1.02
Exp (10.2%) (6.2%) (18.9%) (14.3%)
1.22 1.62 0.89 0.58
Asset Turnover (21.5%) (28.4%) (15.7%) (10.2%)
. 0.79 0.82 1.30 0.88
Average Collecton (39) (40) (64) (43)
Rate Design Escalating Escalating Escalating Escalating
Retained Debt & Debt & Debt &
Eaed Retained Retained Retained
Opportunities Earnings Earnings Earnings Earnings
through ps through Rate through Rate through Rate
Improvements Adjustment Adjustment Adjustment
Of the four, Denver has made the most use of contributed capital while Cleveland has
made nearly no use of this source. Boston and Tampa also have very modest levels of
contributed capital. Percent income and Operating Expenses/Operating Revenues
(QE/OR) ratio are the primary indicators of an enterprise's opportunity to increase
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retained earnings. The percent income indicator for Tampa, Cleveland and Denver is
below 1, which suggests that their water rates are comparatively affordable. The
likelihood that they can increase retained earnings through a rate adjustment is favorable.
Boston is the only one of the four that has an QE/OR ratio greater than 1, so it appears to
have some room to improve its operating cost structure. In addition to the two primary
indicators, several secondary indicators provide additional clues of an enterprise's
operating position and efficiency such as average collection period and rate design.
These indicators can suggest specific areas where an enterprise might look to improve
operating performance.
G. Summary
The table below summarizes the results of the characterization of the Boston Water &
Sewer Commission, Tampa Water Department, Cleveland Division of Water and Denver
Water.
Boston Tampa Cleveland Denver
Structure iwrw mwm mw, iww
Core Functions D PD PD APD
low growth, average growth, low growth, above high growth, much
Setting average income, below average average income, above averagegenerally abundant income, generally generally abundant income, limited
rainfall abundant rainfall rainfall rainfall
Sustainment Development & Sustainment Development
Capital Needs competing CSO Improvement pending Lake Erie likely distribution
requirements capacity expansion water quality expansion
underway assessment
. Debt Debt Debt
Capital Retained Earnngs Retained Earnings Retained Earnings Retained Earnings
Opportunities ops improvement rate adjustment rate adjustment rate adjustment
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Entewrise City StateAnaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Collective:
Population Served
Total Assets
Gross Property Plant & Equipment
Construction in Progress
Total Revenues
Total Expenses
Average Fixed Asset Ratio
Anaheim
Austin
Baltimore
Boston
Burbank
Chester
Cleveland
Colorado Springs
Columbus
Denver
Detroit
Washington
Oakland
Gainesville
La Mesa
Houston
Jacksonville
Kansas City
Knoxville
Los Angeles
Madison
Boston
Wailuku
Memphis
Nashville
Omaha
Los Angeles
Minneapolis
New York
Orlando
Philadelphia
Portland
Providence
Raleigh
New Haven
Salt Lake City
San Diego
Seattle
Tacoma
Tampa
Hartford
Tucson
California
Texas
Maryland
Massachusetts
California
Pennsylvania
Ohio
Colorado
Ohio
Colorado
Michigan
D.C.
California
Florida
California
Texas
Florida
Missouri
Tennessee
California
Wisconsin
Massachusetts
Hawaii
Tennessee
Tennessee
Nebraska
California
Minnesota
New York
Florida
Pennsylvania
Oregon
Rhode Island
North Carolina
Connecticut
Utah
California
Washington
Washington
Florida
Connecticut
Arizona
60,225,000
$55,750,323,000
$50,313,258,000
$9,532,137,000
$6,734,505,000
$5,339,525,000
77.5%
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A. FY99 Assets
$000's
Enterprise Gross PPE Acc. Depreciation Const. In Progress Net PPE Accts Receivable Current Assets Total Assets
Austin Water& Wastewater Utility 1,855,347 500,486 124,984 1,479,846 19,706 55,107 1,941,145
Baltimore Bureau of Water & Wastewater 416,589 258,497 215,065 373,157 22,988 34,957 462,408
Boston Water & Sewer Commission 524,498 103,120 68,744 490,121 18,447 26,810 909,582
Cleveland Division of Water 1,037,758 262,016 43,531 819,273 35,145 190,391 1,328,332
Columbus Division of Water 558,929 227,981 18,284 349,232 16,996 64,443 447,911
Denver Water 1,310,998 323,054 95,029 1,082,973 14,293 145,105 1,283,658
Detroit Water & Sewerage Department 1,074,557 517,101 296,785 854,241 50,043 97,243 1,165,754
District of Columbia Water & Sewer Authority 1,475,877 485,079 83,659 1,074,457 60,749 282,497 1,552,983
East Bay Municipal Utility District 1,929,615 563,130 373,392 1,739,877 17,008 159,734 2,129,448
Houston Public Utilities Division 5,409,857 2,427,483 764,573 3,746,947 56,329 159,186 4,749,621
JEA 910,382 288,532 270,231 892,081 19,231 68,870 1,106,145
Kansas City Water Services Department 341,435 81,608 84,850 344,677 10,360 54,842 440,733
Los Angeles Department of Water & Power 3,083,901 1,078,740 172,381 2,177,542 119,068 220,424 2,753,517
Massachusetts Water Resources Authority 1,866,593 468,052 480,178 1,878,719 6,480 38,670 2,119,223
Memphis Light, Gas, Water 287,546 102,033 22,457 207,970 8,204 47,029 280,454
Metro Water Services 1,184,919 318,560 312,560 1,178,920 16,780 68,538 1,515,975
Metropolitan Water District of Southem Califomia 3,421,397 704,027 2,206,794 4,924,164 107,199 483,180 7,873,682
Minneapolis Water Works 155,863 58,883 29,534 126,514 6,567 25,384 152,005
New York City Water & Sewer System 13,537,004 3,986,940 2,855,474 12,405,538 391,055 500,019 14,020,396
Philadelphia Water Department 2,617,358 1,155,094 130,038 1,592,302 77,946 130,462 2,318,202
Portland Bureau of Water Works 469,237 149,496 12,248 331,988 5,237 32,693 383,640
Providence Water 164,498 45,086 15,408 134,820 7,519 11,777 150,758
Raleigh Public Utilities Department 463,765 108,051 15,930 371,644 8,652 61,642 471,989
Salt Lake City Department of Public Utilities 192,769 50,186 11,997 154,580 4,710 27,444 198,264
San Diego County Water Authority 763,550 81,603 121,153 803,100 48,761 89,997 1,194,703
Seattle Public Utilities 609,624 191,662 235,520 653,481 7,929 23,150 837,845
Tacoma Public Utilities 258,460 67,329 16,898 208,028 3,548 8,088 232,931
Tampa Water Department 294,865 97,229 50,697 248,333 10,607 49,750 338,048
The Metropolitan District 244,673 90,502 35,464 189,635 10,783 26,352 227,450
Italic: Combined Water & Wastewater Financial Data
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B. FY99 Liabilities
$000's
Enterprise Current Liabilities Liab. Adjustment Total Liabilities Contributed Capital Retained Earnings
Austin Water & Wastewater Utility 19,559 65,599 1,225,057 332,917 383,170
Baltimore Bureau of Water & Wastewater 8,794 5,523 198,153 181,764 82,491
Boston Water & Sewer Commission 32,775 303,482 758,655 143,804 7,123
Cleveland Division of Water 55,098 8,394 740,892 2,407 585,033
Columbus Division of Water 10,245 2,643 308,756 768 138,388
Denver Water 41,227 0 369,730 446,383 467,545
Detroit Water & Sewerage Department 54,479 57,145 774,648 100,402 290,704
District of Columbia Water& Sewer Authority 110,203 344,735 874,247 397,753 280,983
East Bay Municipal Utility District 56,188 0 1,230,558 314,327 584,563
Houston Public Utilities Division 55,495 157,964 3,567,411 864,975 317,235
JEA 32,433 43,282 407,240 324,526 374,379
Kansas City Water Services Department 10,959 15,469 148,089 80,017 212,628
Los Angeles Department of Water & Power 206,916 18,720 1,208,829 576,597 968,091
Massachusetts Water Resources Authority 278,708 0 870,853 1,211,536 36,834
Memphis Light, Gas, Water 6,554 0 62,488 9 217,957
Metro Water Services 10,285 49,006 662,471 472,833 380,672
Metropolitan Water District of Southem Califomia 294,164 464,926 3,788,911 38,481 4,046,290
Minneapolis Water Works 8,964 0 66,354 22,156 63,495
New York City Water & Sewer System 1,101,101 748,478 9,150,196 4,696,778 173,422
Philadelphia Water Department 117,372 8,524 1,693,065 464,514 160,622
Portland Bureau of Water Works 7,559 11,058 127,689 114,377 141,574
Providence Water 14,761 1,239 43,975 56,848 49,935
Raleigh Public Utilities Department 22,958 0 129,658 156,418 185,913
Salt Lake City Department of Public Utilities 15,259 3,231 57,888 56,497 83,879
San Diego County Water Authority 65,454 0 662,111 19,884 512,708
Seattle Public Utilities 41,367 0 607,563 143,457 86,824
Tacoma Public Utilities 5,534 3,580 49,155 89,810 93,966
Tampa Water Department 3,523 5,271 67,991 27,964 242,093
The Metropolitan District 6,370 0 23,279 113,172 90,999
Italic: Combined Water & Wastewater Financial Data
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C. FY99 Revenues & Expenses
$000's
Enterprise Total Ops Revenue Non-ops Revenue Total Ops Expense Non-ops Expense Operating Income interest Expense Net Income
Austin Water & Wastewater Utility 214,043 8,720 132,818 67,852 81,225 65,735 50,289
Baltimore Bureau of Water & Wastewater 72,949 0 68,349 943 4,600 8,245 3,657
Boston Water& Sewer Commission 192,970 17,935 170,994 19,327 21,976 19,327 20,584
Cleveland Division of Water 204,839 8,938 124,461 29,087 80,378 17,035 60,229
Columbus Division of Water 97,295 5,122 73,420 15,987 23,876 15,987 13,010
Denver Water 127,655 10,981 100,719 16,800 26,936 16,800 21,117
Detroit Water & Sewerage Department 185,963 10,232 146,622 27,607 39,341 27,607 21,965
District of Columbia Water& Sewer Authority 242,632 13,676 196,496 30,411 46,136 18,767 29,401
East Bay Municipal Utility District 200,840 38,930 163,560 50,970 37,280 50,970 25,240
Houston Public Utilities Division 537,366 56,094 403,822 160,064 133,544 155,201 29,574
JEA 132,001 5,674 89,830 5,443 42,171 16,024 42,402
Kansas City Water Services Department 67,012 3,380 51,965 6,760 15,047 6,709 11,667
Los Angeles Department of Water & Power 443,412 5,524 308,378 46,437 135,034 44,987 94,121
Massachusetts Water Resources Authority 82,614 22,531 107,767 29,775 -25,153 29,775 -32,397
Memphis Light, Gas, Water 60,047 3,902 42,346 3,339 17,701 3,094 18,264
Metro Water Services 158,698 15,505 95,278 39,042 63,420 35,684 39,883
Metropolitan Water District of Southern California 688,971 155,895 524,274 106,814 164,697 94,466 213,778
Minneapolis Water Works 41,382 1,537 34,086 3,689 7,296 2,909 5,144
New York City Water & Sewer System 1,526,501 81,465 1,272,514 476,675 253,987 476,675 -141,223
Philadelphia Water Department 352,086 41,748 295,461 111,365 56,626 98,212 -12,992
Portland Bureau of Water Works 63,246 4,327 58,428 5,098 4,818 5,098 4,047
Providence Water 35,709 2,968 24,684 2,065 11,025 1,497 11,928
Raleigh Public Utilities Department 48,369 4,653 37,754 4,075 10,615 3,623 11,192
Salt Lake City Department of Public Utilities 32,659 1,923 25,878 1,699 6,780 1,699 7,005
San Diego County Water Authority 217,796 58,231 209,243 19,829 8,553 19,829 46,955
Seattle Public Utilities 86,255 3,230 65,010 27,887 21,245 15,947 -3,412
Tacoma Public Utilities 27,421 765 23,851 5,229 3,570 1,543 -894
Tampa Water Department 47,985 5,969 34,266 2,270 13,719 2,270 17,418
The Metropolitan District 38,315 2,660 34,788 1,062 3,527 943 5,125
Italic: Combined Water & Wastewater Financial Data
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D. Basic Water Delivery and Infrastructure Data - Table 1
Population Principal Source Water I Acquisition
Enterprise Served Name Source Type Impoundment Percent of Supply Miles
Austin Water & Wastewater Utility 630,000 Lakes Austin & Town Surface Constructed 100% < 20
Baltimore Bureau of Water & Wastewater 1,800,000 Liberty Reservoir Surface Constructed 50% < 20
Boston Water & Sewer Commission 574,000 MWRA Bulk Supply Purchased N/A 100% < 20
Cleveland Division of Water 1,500,000 Lake Erie Surface Natural 100% < 20
Columbus Division of Water 1,000,000 Scioto River Basin Surface Constructed 85% < 20
Denver Water 984,000 S. Platte Collection Surface Constructed 65% 105
Detroit Water & Sewerage Department 3,900,000 Detroit River Surface Natural 100%* < 20
District of Columbia Water & Sewer Authority 550,000 Corps of Engineers Purchased N/A 100% < 20
East Bay Municipal Utility District 1,200,000 Mokelumne Basin Surface Constructed 90% 91
Houston Public Utilities Division 2,500,000 Lake Houston Surface Constructed 65% < 20
JEA 820,000 Floridian Aquifer Ground Natural 100% < 20
Kansas City Water Services Department 1,000,000 Missouri River Surface Natural 100% < 20
Los Angeles Department of Water & Power 3,807,500 Owens Valley Basin Surface Constructed 65% 338
Massachusetts Water Resources Authority 2,500,000 Quabbin Basin Surface Constructed 100% 65
Memphis Light, Gas, Water 400,000 Local Wellfields Ground Natural 100% < 20
Metro Water Services 550,000 Cumberland River Surface Natural 100% < 20
Metropolitan Water District of Southem Califomia 17,000,000 Colorado River Surface Constructed 70% 242
Minneapolis Water Works 500,000 Mississippi River Surface Natural 100% < 20
New York City Water & Sewer System 7,400,000 Catskill/Delaware Surface Constructed 90% 125
Philadelphia Water Department 1,600,000 Delaware River Surface Natural 50% < 20
Portland Bureau of Water Works 840,000 Bull Run Watershed Surface Constructed 95% 26
Providence Water 590,000 Scituate Reservoir Surface Constructed 100% < 20
Raleigh Public Utilities Department 300,000 Falls Lake Surface Constructed 100% < 20
Salt Lake City Department of Public Utilities 405,000 City & Parleys Creek Surface Constructed 57% 40
San Diego County Water Authority 2,800,000 MWD of S. Cal. Purchased N/A 100% < 20
Seattle Public Utilities 1,300,000 Cedar River Basin Surface Constructed 70% < 20
Tacoma Public Utilities 300,000 Green River Basin Surface Constructed 95% 40
Tampa Water Department 450,000 Hillsborough River Surface Natural 90% < 20
The Metropolitan District 412,000 Farmington Basin Surface Constructed 70% 20
*All water supplying City of Detroit comes from Detroit River I I I I
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E. Basic Water Delivery and Infrastructure Data - Table 2
Production I I Average Day Max Day Distribution Active
Enterprise Capacity (MGD) Filtration Demand (MGD) Demand (MGD) Miles [ Taps
Austin Water & Wastewater Utility 215 Yes 119 205 3,600 170,600
Baltimore Bureau of Water & Wastewater 405 Yes 288 391 4,500 423,250
Boston Water & Sewer Commission N/A N/A 68 109 1,100 86,400
Cleveland Division of Water 465 Yes 268 399 4,800 406,450
Columbus Division of Water 330 Yes 145 232 3,400 253,050
Denver Water 670 Yes 206 476 2,500 278,350
Detroit Water & Sewerage Department 1,700 Yes 673 1,115 3,400 264,950
District of Columbia Water & Sewer Authority N/A N/A 137 219 1,300 130,000
East Bay Municipal Utility District 500 Yes 211 338 3,900 368,150
Houston Public Utilities Division 1,275 Yes 670 801 4,000 395,000
JEA Safe Yield No 140 224 2,800 183,800
Kansas City Water Services Department 240 Yes 115 184 2,350 151,050
Los Angeles Department of Water & Power 600 Yes 555 781 7,200 645,000
Massachusetts Water Resources Authority Safe Yield No 274 438 300 N/A
Memphis Light, Gas, Water 260 No 132 232 3,500 246,500
Metro Water Services 252 Yes 82 99 2,350 135,500
Metropolitan Water District of Southem California 2,516 Yes 1,424 2,278 800 N/A
Minneapolis Water Works 215 Yes 70 112 1,000 100,000
New York City Water & Sewer System Safe Yield No 1,310 2,096 6,200 826,000
Philadelphia Water Department 540 Yes 275 440 3,300 478,400
Portland Bureau of Water Works 315 No 108 202 1,900 159,800
Providence Water 120 Yes 66 106 850 72,300
Raleigh Public Utilities Department 86 Yes 42 84 1,250 97,700
Salt Lake City Department of Public Utilities 65* Yes 90 233 1,200 90,400
San Diego County Water Authority N/A N/A 429 686 250 N/A
Seattle Public Utilities 395 No 145 218 1,650 175,000
Tacoma Public Utilities 144 No 59 94 1,150 84,050
Tampa Water Department 122 Yes 74 105 2,100 114,950
The Metropolitan District 130 Yes 59 98 1,500 96,950
Note: if max day demand not reported, estimated by multiplying average day demand by factor of 1.6 1 1
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F. Qualitative & Independent Indicators - Table 1
Water
Enterprise IWater Resources Region Governance Retail Wholesale Wastewater Stormwater Other
Austin Water & Wastewater Utility Texas-Gulf municipal X X X
Baltimore Bureau of Water & Wastewater Mid-Atlantic municipal X X X
Boston Water & Sewer Commission New England independent X X
Cleveland Division of Water Great Lakes municipal X X
Columbus Division of Water Ohio municipal X
Denver Water Missouri independent X X
Detroit Water & Sewerage Department Great Lakes municipal X X X
District of Columbia Water & Sewer Authority Mid-Atlantic independent X X X
East Bay Municipal Utility District California-South Pacific independent X X
Houston Public Utilities Division Texas-Gulf municipal X X X
JEA South-Atlantic Gulf municipal X X X
Kansas City Water Services Department Missouri municipal X X X X
Los Angeles Department of Water & Power California-South Pacific municipal X X
Massachusetts Water Resources Authority New England independent X X
Memphis Light, Gas, Water Lower Mississippi municipal X X
Metro Water Services Ohio municipal X X
Metropolitan Water District of Southern California California-South Pacific independent X
Minneapolis Water Works Upper Mississippi municipal X X
New York City Water & Sewer System New England independent X X
Philadelphia Water Department Mid-Atlantic municipal X X X
Portland Bureau of Water Works Columbia-North Pacific municipal X X
Providence Water New England municipal X X
Raleigh Public Utilities Department South-Atlantic Gulf municipal X X
Saft Lake City Department of Public Utilities Great Basin municipal X X X
San Diego County Water Authority California-South Pacific independent X
Seattle Public Utilities Columbia-North Pacific municipal X X X X
Tacoma Public Utilities Columbia-North Pacific municipal X X X
Tampa Water Department South-Atlantic Gulf municipal X X
The Metropolitan District New England independent X X X
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G. Qualitative & Independent Indicators - Table 2
Source 1 7 Source 2
Enterprise ing e ource Acquisition Miles Name Type Impoundment Name Type Impoundment
Austin Water & Wastewater Utility Yes < 20 Lakes Austin & Town Surface Constructed - - -
Baltimore Bureau of Water & Wastewater No < 20 Liberty Reservoir Surface Constructed Loch Raven Reservoir Surface Constructed
Boston Water & Sewer Commission Yes < 20 MWRA Bulk Supply Purchased N/A - - -
Cleveland Division of Water Yes < 20 Lake Erie Surface Natural - - -
Columbus Division of Water No < 20 Scioto River Basin Surface Constructed Big Walnut Basin Surface Constructed
Denver Water No 105 S. Platte Collection Surface Constructed Moffat Collection Surface Constructed
Detroit Water & Sewerage Department No < 20 Detroit River Surface Natural Lake Huron Surface Natural
District of Columbia Water & Sewer Authority Yes < 20 Corps of Engineers Purchased N/A - - -
East Bay Municipal Utility District No 91 Mokelumne Basin Surface Constructed San Pablo & Leandro Surface Constructed
Houston Public Utilities Division No < 20 Lake Houston Surface Constructed Lake Livingston Surface Constructed
JEA Yes < 20 Floridian Aquifer Ground Natural - - -
Kansas City Water Services Department Yes < 20 Missouri River Surface Natural - -
Los Angeles Department of Water & Power No 338 Owens Valley Basin Surface Constructed Local Welifields Ground Natural
Massachusetts Water Resources Authority No 65 Quabbin Basin Surface Constructed Wachusett Basin Surface Constructed
Memphis Light, Gas, Water Yes < 20 Local Wellfields Ground Natural - -
Metro Water Services Yes < 20 Cumberland River Surface Natural - - -
Metropolitan Water District of Southern Califomia No 242 Colorado River Surface Constructed State Water Project Surface Constructed
Minneapolis Water Works Yes < 20 Mississippi River Surface Natural - -
New York City Water & Sewer System No 125 Catskill/Delaware Surface Constructed Croton System Surface Constructed
Philadelphia Water Department No < 20 Delaware River Surface Natural Schuylkill River Surface Natural
Portland Bureau of Water Works No 26 Bull Run Watershed Surface Constructed Surface Constructed
Providence Water Yes < 20 Scituate Reservoir Surface Constructed - - -
Raleigh Public Utilities Department Yes < 20 Falls Lake Surface Constructed - - -
Saft Lake City Department of Public Utilities No 40 City & Parleys Creek Surface Constructed Little Cottonwood Surface Constructed
San Diego County Water Authority Yes < 20 MWD of S. Cal. Purchased N/A - - -
Seattle Public Utilities No < 20 Cedar River Basin Surface Constructed Tolt River Basin Surface Constructed
Tacoma Public Utilities No 40 Green River Basin Surface Constructed Local Welifields Ground Natural
Tampa Water Department No < 20 Hillsborough River Surface Natural Local Welifields Ground Natural
The Metropolitan District No 20 Farmington Basin Surface Constructed Nepaug River Basin Surface Constructed
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H. Qualitative & Independent Indicators - Table 3
Enterprise Filtration % Produced I % Purchased I Avc Day/Prod Cap Max Day/Prod Cap Dist Miles GPD/Dist Mile I Taps/Dist Mile I Quality Violations
Austin Water & Wastewater Utility Yes 100% 0% 55% 95% 3,600 33,056 47 None
Baltimore Bureau of Water & Wastewater Yes 100% 0% 71% 97% 4,500 64,000 94 None
Boston Water & Sewer Commission N/A 0% 100% N/A N/A 1,100 61,818 79 None
Cleveland Division of Water Yes 100% 0% 58% 86% 4,800 55,833 85 None
Columbus Division of Water Yes 100% 0% 44% 70% 3,400 42,647 74 None
Denver Water Yes 100/. 0% 31% 71% 2,500 82,400 84 None
Detroit Water & Sewerage Department Yes 100% 0% 40% 66% 3,400 197,941 78 None
District of Columbia Water & Sewer Authority N/A 0/. 100% N/A N/A 1,300 105,385 100 None
East Bay Municipal Utility District Yes 100% 0% 42% 68% 3,900 54,103 94 None
Houston Public Utilities Division Yes 100% 0/0 53% 63% 4,000 167,500 99 None
JEA 100% 0% Safe Yield Safe Yield 2,800 50,000 66 None
Kansas City Water Services Department Yes 100% 0% 48% 77% 2,350 48,936 64 None
Los Angeles Department of Water & Power Yes 80% 20% 93% 130/. 7,200 77,083 90 None
Massachusetts Water Resources Authority No 100% 0% Safe Yield Safe Yield 300 913,333 0 None
Memphis Ught, Gas, Water -_100% 0% 51% 89/. 3,500 37,714 70 None
Metro Water Services Yes 100% 0% 33% 390% 2,350 34,894 58 None
Metropolitan Water District of Southern California Yes 100% 0%/6 57% 91% 800 1,780,000 0 None
Minneapolis Water Works Yes 100% 0% 33% 52% 1,000 70,000 100 None
New York City Water & Sewer System No 100% 0% Safe Yield Safe Yield 6,200 211,290 133 None
Philadelphia Water Department Yes 100/. 0%!, 51% 81% 3,300 83,333 145 None
Portland Bureau of Water Works No 100% 0%* 34% 64% 1,900 56,842 84 None
Providence Water Yes 100%!. 0% 55% 88% 850 77,647 85 None
Raleigh Public Utilities Department Yes 100/. 0% 49% 98% 1,250 33,600 78 None
Salt Lake City Department of Public Utilities Yes 73% 27% 138% 358% 1,200 75,000 75 None
San Diego County Water Authority N/A 0%/0 100/0 N/A N/A 250 1,716,000 0 None
Seattle Public Utilities No 100% 0% 37% 55% 1,650 87,879 106 None
Tacoma Public Utilities No 100/. 0% 41% 66% 1,150 51,304 73 None
Tampa Water Department Yes 100% 0%* 61% 86% 2,100 35,238 55 None
The Metropolitan District Yes 100% 0/0 45% 75% 1,500 39,333 65 None
*May purchase water during periods of high demand I I I I I I I I
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I. Comparative Indicators - Table 1
Annual Precipitation Median Income I Population Growth Infraatructure Condition Capital Effort % Long-term Debt Interest Coverage
Enterprise Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator
Austin Water & Wastewater Utility 31.9 1.06 $39,334 0.99 35.4% 3.52 27.0% 0.90 6.7% 0.45 58.7% 1.64 1.24 0.95
Baltimore Bureau of Water & Wastewater 40.8 1.36 $46,984 1.18 4.6% 0.46 62.1% 2.08 51.6% 3.46 39.8% 1.11 0.56 0.43
Boston Water & Sewer Commission 41.5 1.38 $47,882 1.21 2.2% 0.22 19.7% 0.66 13.1% 0.88 46.4% 1.30 1.14 0.87
Cleveland Division of Water 36.6 1.22 $41,487 1.05 0.9% 0.09 25.2% 0.84 4.2% 0.28 51.0% 1.42 4.72 3.63
Columbus Division of Water 38.1 1.27 $41,634 1.05 10.7% 1.06 40.8% 1.37 3.3% 0.22 66.1% 1.84 1.49 1.15
Denver Water 15.4 0.51 $51,175 1.29 21.9% 2.17 24.6% 0.82 7.2% 0.49 25.6% 0.71 1.60 1.23
Detroit Water & Sewerage Department 32.6 1.09 $48,053 1.21 4.9% 0.49 48.1% 1.61 27.6% 1.85 56.9% 1.59 1.43 1.10
District of Columbia Water & Sewer Authority 38.6 1.29 $35,309 0.89 12.2% 1.21 32.9% 1.10 5.7% 0.38 27.0% 0.75 2.46 1.89
East Bay Municipal Utility District 19.7 0.66 $47,956 1.21 11.0% 1.09 29.2% 0.98 19.4% 1.30 55.1% 1.54 0.73 0.56
Houston Public Utilities Division 46.1 1.54 $43,477 1.10 20.7% 2.06 44.9% 1.50 14.1% 0.95 70.6% 1.97 0.86 0.66
JEA 51.3 1.71 $37,673 0.95 16.5% 1.64 31.7% 1.06 29.7% 1.99 30.0% 0.84 2.63 2.02
Kansas City Water Services Department 37.6 1.25 $46,527 1.17 10.9% 1.08 23.9% 0.80 24.9% 1.67 27.6% 0.77 2.24 1.73
Los Angeles Department of Water & Power 14.8 0.49 $41,279 1.04 5.3% 0.53 35.0% 1.17 5.6% 0.38 35.7% 1.00 3.00 2.31
Massachusetts Water Resources Authority 41.5 1.38 $48,089 1.21 3.9% 0.39 25.1% 0.84 25.7% 1.73 27.9% 0.78 -0.84 -0.65
Memphis Light, Gas, Water 52.1 1.74 $37,425 0.94 9.7% 0.96 35.5% 1.19 7.8% 0.52 19.9% 0.56 5.72 4.40
Metro Water Services 47.3 1.58 $41,902 1.06 19.0% 1.89 26.9% 0.90 26.4% 1.77 39.8% 1.11 1.78 1.37
Metropolitan Water District of Southem Califomia 14.8 0.49 $43,340 1.09 10.4% 1.03 20.6% 0.69 64.5% 4.33 38.5% 1.07 1.74 1.34
Minneapolis Water Works 28.3 0.94 $55,366 1.40 13.1% 1.30 37.8% 1.26 18.9% 1.27 37.8% 1.05 2.51 1.93
New York City Water & Sewer System 47.3 1.58 $36,955 0.93 1.9% 0.19 29.5% 0.99 21.1% 1.42 52.1% 1.45 0.53 0.41
Philadelphia Water Department 41.4 1.38 $47,468 1.20 0.6% 0.06 44.1% 1.48 5.0% 0.33 67.6% 1.89 0.58 0.44
Portland Bureau of Water Works 36.3 1.21 $45,139 1.14 21.8% 2.17 31.9% 1.07 2.6% 0.18 28.4% 0.79 0.95 0.73
Providence Water 45.5 1.52 $40,412 1.02 -0.8% -0.08 27.4% 0.92 9.4% 0.63 18.6% 0.52 7.36 5.67
Raleigh Public Utilities Department 41.4 1.38 $46,295 1.17 28.8% 2.86 23.3% 0.78 3.4% 0.23 22.6% 0.63 2.93 2.25
Salt Lake City Department of Public Utilities 16.2 0.54 $47,425 1.20 18.9% 1.88 26.0% 0.87 6.2% 0.42 19.9% 0.55 3.99 3.07
San Diego County Water Authority 9.9 0.33 $41,346 1.04 12.9% 1.28 10.7% 0.36 15.9% 1.06 49.9% 1.39 0.43 0.33
Seattle Public Utilities 38.0 1.27 $54,523 1.37 14.8% 1.47 31.4% 1.05 38.6% 2.59 67.6% 1.88 1.33 1.02
Tacoma Public Utilities 37.2 1.24 $45,631 1.15 17.5% 1.74 26.1% 0.87 6.5% 0.44 17.2% 0.48 2.31 1.78
Tampa Water Department 43.9 1.46 $33,234 0.84 10.2% 1.01 33.0% 1.10 17.2% 1.15 17.5% 0.49 6.04 4.65
The Metropolitan District 44.1 1.47 $48,691 1.23 -0.9% -0.09 37.0% 1.24 14.5% 0.97 7.4% 0.21 3.74 2.88
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J. Comparative Indicators - Table 2
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Annual Water Bill I % Income of Wtr Bill Ops ExplOps Rev Non-Ops Exp/Tot Exp Average Collection Asset Turnover
Enterprise Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator Nominal Indicator
Austin Water & Wastewater Utility $264 0.94 0.67% 1.05 62.1% 0.77 33.8% 2.41 31 0.64 11.5% 0.65
Baltimore Bureau of Water & Wastewater $0 0.00 0.00% 0.00 93.7% 1.16 1.4% 0.10 113 2.31 16.3% 0.92
Boston Water & Sewer Commission $340 1.21 0.71% 1.11 88.6% 1.10 10.2% 0.72 39 0.79 21.5% 1.22
Cleveland Division of Water $217 0.77 0.52% 0.82 60.8% 0.75 18.9% 1.35 64 1.30 15.7% 0.89
Columbus Division of Water $371 1.32 0.89% 1.39 75.5% 0.94 17.9% 1.27 55 1.11 21.6% 1.23
Denver Water $222 0.79 0.43% 0.68 78.9% 0.98 14.3% 1.02 43 0.88 10.2% 0.58
Detroit Water & Sewerage Department $173 0.62 0.36% 0.56 78.8% 0.98 15.8% 1.13 96 1.95 16.2% 0.92
District of Columbia Water & Sewer Authority $268 0.96 0.76% 1.19 81.0% 1.00 13.4% 0.95 46 0.93 31.2% 1.78
East Bay Municipal Utility District $365 1.30 0.76% 1.19 81.4% 1.01 23.8% 1.69 29 0.59 10.0% 0.57
Houston Public Utilities Division $348 1.24 0.80% 1.25 75.1% 0.93 28.4% 2.02 41 0.83 11.5% 0.65
JEA $201 0.72 0.53% 0.83 68.1% 0.84 5.7% 0.41 48 0.99 12.9% 0.73
Kansas City Water Services Department $393 1.40 0.85% 1.32 77.5% 0.96 11.5% 0.82 53 1.08 15.7% 0.90
Los Angeles Department of Water & Power $330 1.18 0.80% 1.25 69.5% 0.86 13.1% 0.93 94 1.91 16.8% 0.96
Massachusetts Water Resources Authority 130.4% 1.62 21.6% 1.54 22 0.45 4.1% 0.24
Memphis Light, Gas, Water $1991 0.71 0.53% 0.83 70.5% 0.87 7.3% 0.52 65 1.32 21.8% 1.24
Metro Water Services $3271 1.16 0.78% 1.22 60.0% 0.74 29.1% 2.07 19 0.39 20.9% 1.19
Metropolitan Water District of Southern California 76.1% 0.94 16.9% 1.21 51 1.03 8.8% 0.50
Minneapolis Water Works $281 1.00 0.51% 0.79 82.4% 1.02 9.8% 0.70 59 1.20 28.6% 1.62
New York City Water & Sewer System $223 0.80 0.60% 0.94 83.4% 1.03 27.3% 1.94 92 1.88 11.0% 0.63
Philadelphia Water Department $239 0.85 0.50% 0.79 83.9% 1.04 27.4% 1.95 79 1.60 15.0% 0.85
Portland Bureau of Water Works $286 1.02 0.63% 0.99 92.4% 1.14 8.0% 0.57 29 0.59 16.7% 0.95
Providence Water $314 1.12 0.78% 1.21 69.1% 0.86 7.7% 0.55 38 0.78 24.1% 1.37
Raleigh Public Utilities Department $215 0.77 0.46% 0.73 78.1% 0.97 9.7% 0.69 33 0.66 20.5% 1.17
Salt Lake City Department of Public Utilities $189 0.67 0.40% 0.62 79.2% 0.98 6.2% 0.44 26 0.54 32.9% 1.87
San Diego County Water Authority 96.1% 1.19 8.7% 0.62 69 1.41 20.1% 1.14
Seattle Public Utilities $420 1.50 0.77% 1.20 75.4% 0.93 30.0% 2.14 35 0.71 11.8% 0.67
Tacoma Public Utilities $206 0.73 0.45% 0.70 87.0% 1.08 18.0% 1.28 49 0.99 12.0% 0.69
Tampa Water Department $186 0.66 0.56% 0.87 71.4% 0.88 6.2% 0.44 40 0.82 28.4% 1.62
The Metropolitan District $328 1.17 0.67% 1.05 90.8% 1.13 3.0% 0.21 99 2.02 17.0% 0.97
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Calculations for Infrastructure Condition Threshold
Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
29.9%
9.7%
28.3%
62.1%
32.8%
25.5%
10.3%
42
0.32
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Infrastructure Condition
21.7%
27.0%
62.1%
19.7%
41.0%
10.3%
25.2%
20.7%
40.8%
24.6%
48.1%
32.9%
29.2%
32.9%
36.3%
44.9%
31.7%
23.9%
29.5%
35.0%
24.8%
25.1%
32.7%
35.5%
26.9%
27.2%
20.6%
37.8%
29.5%
18.8%
44.1%
31.9%
27.4%
23.3%
25.6%
26.0%
10.7%
31.4%
26.1%
33.0%
37.0%
22.4%
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Calculations for Capital Effort Threshold
Name Capital Effort
Anaheim Public Utilities 8.3%
Austin Water & Wastewater Utility 6.7%
Baltimore Bureau of Water & Wastewater 51.6%
Boston Water & Sewer Commission 13.1%
Burbank Public Service Department 5.1%
Chester Water Authority 26.7%
Cleveland Division of Water 4.2%
Colorado Springs Utilities 4.7%
Columbus Division of Water 3.3%
Denver Water 7.2%
Detroit Water & Sewerage Department 27.6%
District of Columbia Water & Sewer Authority 5.7%
East Bay Municipal Utility District 19.4%
Gainesville Regional Utilities 5.5%
Helix Water District 18.4%
Houston Public Utilities Division 14.1%
JEA 29.7%
Kansas City Water Services Department 24.9%
Knoxville Utilities Board 6.2%
Los Angeles Department of Water & Power 5.6%
Madison Water Utility 5.0%
Massachusetts Water Resources Authority 25.7%
Maui Department of Water Supply 22.5%
Memphis Light, Gas, Water 7.8%
Metro Water Services 26.4%
Metropolitan Utilities District 3.6%
Metropolitan Water District of Southern California 64.5%
Minneapolis Water Works 18.9%
New York City Water & Sewer System 21.1%
Orlando Utilities Commission 5.0%
Philadelphia Water Department 5.0%
Portland Bureau of Water Works 2.6%
Providence Water 9.4%
Raleigh Public Utilities Department 3.4%
S Central CT Regional Water Authority 1.2%
Salt Lake City Department of Public Utilities 6.2%
San Diego County Water Authority 15.9%
Seattle Public Utilities 38.6%
Tacoma Public Utilities 6.5%
Tampa Water Department 17.2%
The Metropolitan District 14.5%
Tucson Water 16.8%
Mean 14.9%
Standard Deviation 13.5%
Median 8.9%
Top Value 64.5%
67% Threshold 17.6%
33% Threshold 6.0%
Bottom Value 1.2%
Observations 42
Coefficient of Variation 0.91
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Calculations for Percent Long-Term Debt Threshold
Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
35.9%
18.5%
30.6%
70.6%
39.9%
25.4%
0.0%
40
0.52
Appendix H - Calculations for Statistical Thresholds 175
% Long-Term Debt
25.4%
58.7%
39.8%
46.4%
39.6%
23.9%
51.0%
66.1%
25.6%
56.9%
27.0%
55.1%
49.3%
15.2%
70.6%
30.0%
27.6%
21.9%
35.7%
18.5%
27.9%
16.6%
19.9%
39.8%
0.0%
38.5%
37.8%
52.1%
67.6%
28.4%
18.6%
22.6%
69.5%
19.9%
49.9%
67.6%
17.2%
17.5%
7.4%
31.3%
Calculations for Percent Contributed Capital Threshold
Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
23.7%
15.6%
22.7%
57.2%
33.1%
15.8%
0.0%
40
0.66
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% Contributed Capital
36.1%
17.2%
39.3%
15.8%
24.5%
9.8%
0.2%
0.2%
34.8%
8.6%
25.6%
14.8%
37.1%
33.5%
18.2%
29.3%
18.2%
1.5%
20.9%
48.0%
57.2%
45.3%
0.0%
31.2%
46.3%
0.5%
14.6%
33.5%
20.0%
29.8%
37.7%
33.1%
9.5%
28.5%
1.7%
17.1%
38.6%
8.3%
49.8%
11.9%
Calculations for Annual Residential Water Bill Threshold
Name Annual Residential Water Bill
Anaheim Public Utilities $236
Austin Water & Wastewater Utility $264
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission $340
Burbank Public Service Department
Chester Water Authority $365
Cleveland Division of Water $217
Colorado Springs Utilities $335
Columbus Division of Water $371
Denver Water $222
Detroit Water & Sewerage Department $173
District of Columbia Water & Sewer Authority $268
East Bay Municipal Utility District $365
Gainesville Regional Utilities $194
Helix Water District $407
Houston Public Utilities Division $348
JEA $201
Kansas City Water Services Department $393
Knoxville Utilities Board $435
Los Angeles Department of Water & Power $330
Madison Water Utility $179
Massachusetts Water Resources Authority
Maui Department of Water Supply $235
Memphis Light, Gas, Water $199
Metro Water Services $327
Metropolitan Utilities District $175
Metropolitan Water District of Southern California
Minneapolis Water Works $281
New York City Water & Sewer System $223
Orlando Utilities Commission $164
Philadelphia Water Department $239
Portland Bureau of Water Works $286
Providence Water $314
Raleigh Public Utilities Department $215
S Central CT Regional Water Authority $444
Salt Lake City Department of Public Utilities $189
San Diego County Water Authority
Seattle Public Utilities $420
Tacoma Public Utilities $206
Tampa Water Department $186
The Metropolitan District $328
Tucson Water $298
Mean $280
Standard Deviation $84
Median $268
Top Value $444
67% Threshold $328
33% Threshold $222
Bottom Value $164
Observations 37
Coefficient of Variation 0.30
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Calculations for Percent Median Household Income of Water Bill
Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Percent Household Income
0.44%
0.67%
0.71%
0.52%
0.73%
0.89%
0.43%
0.36%
0.76%
0.76%
0.68%
0.80%
0.53%
0.85%
1.25%
0.80%
0.38%
0.52%
0.53%
0.78%
0.40%
0.51%
0.60%
0.41%
0.50%
0.63%
0.78%
0.46%
0.99%
0.40%
0.77%
0.45%
0.56%
0.67%
0.89%
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
0.64%
0.20%
0.63%
1.25%
0.75%
0.52%
0.36%
35
0.31
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Calculations for Operating ExpensesOperating Revenues Ratio Threshold
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
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80.7%
13.5%
78.1%
130.4%
82.7%
75.4%
60.0%
42
0.17
179
Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Operating Expenses/Operating Revenues
78.1%
62.1%
93.7%
88.6%
92.3%
76.7%
60.8%
106.1%
75.5%
78.9%
78.8%
81.0%
81.4%
64.3%
99.7%
75.1%
68.1%
77.5%
72.0%
69.5%
84.9%
130.4%
104.3%
70.5%
60.0%
76.5%
76.1%
82.4%
83.4%
70.9%
83.9%
92.4%
69.1%
78.1%
68.6%
79.2%
96.1%
75.4%
87.0%
71.4%
90.8%
77.4%
Calculations for Non-operating Expenses/Total Expenses Threshold
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
14.0%
9.2%
11.5%
33.8%
16.6%
7.8%
1.2%
41
0.65
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Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Non-operating Expenses/Total Expenses
5.2%
33.8%
1.4%
10.2%
5.0%
8.7%
18.9%
14.1%
17.9%
14.3%
15.8%
13.4%
23.8%
27.8%
1.2%
28.4%
5.7%
11.5%
7.7%
13.1%
6.6%
21.6%
6.3%
7.3%
29.1%
3.0%
16.9%
9.8%
27.3%
27.4%
8.0%
7.7%
9.7%
28.8%
6.2%
8.7%
30.0%
18.0%
6.2%
3.0%
15.9%
Calculations for Average Collection Period Threshold
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
49
23
46
113
52
37
11
39
0.47
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Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Average Collection Period
77
31
113
39
31
64
55
43
96
46
29
11
48
41
48
53
41
94
51
22
58
65
19
30
51
59
92
79
29
38
33
36
26
69
35
49
40
51
24
Calculations for Total Asset Turnover Ratio Threshold
Mean
Standard Deviation
Median
Top Value
67% Threshold
33% Threshold
Bottom Value
Observations
Coefficient of Variation
17.6%
6.9%
16.2%
33.7%
20.5%
13.8%
4.1%
40
0.40
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Name
Anaheim Public Utilities
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Burbank Public Service Department
Chester Water Authority
Cleveland Division of Water
Colorado Springs Utilities
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Gainesville Regional Utilities
Helix Water District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Knoxville Utilities Board
Los Angeles Department of Water & Power
Madison Water Utility
Massachusetts Water Resources Authority
Maui Department of Water Supply
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Utilities District
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
S Central CT Regional Water Authority
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Tucson Water
Total Asset Turnover
16.4%
11.5%
16.3%
21.5%
12.2%
15.7%
21.6%
10.2%
16.2%
31.2%
10.0%
23.6%
20.3%
11.5%
12.9%
15.7%
21.6%
16.8%
14.6%
4.1%
8.9%
21.8%
20.9%
13.8%
8.8%
28.6%
11.0%
12.4%
15.0%
16.7%
24.1%
20.5%
14.7%
32.9%
20.1%
11.8%
12.0%
28.4%
33.7%
23.1%
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Order of Magnitude Estimates
Using the indicators and some basic financial data, a decision-maker can develop
order of magnitude estimates of potential capital sources. This section presents the
results of techniques used to determine order of magnitude estimates of debt capacity and
increases to retained earnings through operating cost reductions or rate adjustments for
the national cross section. The supporting calculations are summarized at the end of this
Appendix.
A. Estimates of Debt Capacity
This section estimates the debt capacity of the nine enterprises with the strongest
coverage indicators. The methodology determines an enterprise's current incremental
interest capacity, which is simply the result of multiplying its coverage indicator by
current interest expense and subtracting this value from current interest expense
(assuming that current operating characteristics and interest expenses remain constant).
Once determined, the principal value available against it can be calculated by dividing the
interest capacity by an assumed borrowing rate. Once calculated, the long-term debt
percentage that would result if this principal amount were borrowed is checked to insure
that the enterprise is not leveraged too highly. Generally, the principal available from the
interest capacity represented a reasonable accrual of debt at a very conservative
borrowing rate of 7%. Under these assumptions, these nine enterprises could collectively
borrow over $2.2 billion while maintaining an interest coverage ratio equivalent to the
threshold value. The table below summarizes the calculation results. If the analysis is
expanded to evaluate all enterprises in the cross section whose coverage indicators
exceed 1, then the debt available is over $3.2 billion.
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Cleveland 3.63 1.42 44,94 O59,91Z 1.6 /
JEA (Jackson.) 2.02 0.84 16,415 234,503 1.18
LA 2.31 1.00 58,885 841,219 1.42
Memphis 4.40 0.56 10,522 150,316 1.34
Providence 5.67 0.52 6,984 99,768 1.42
Raleigh 2.25 0.63 4,542 64,891 0.89
Salt Lake City 3.07 0.55 3,516 50,234 1.01
Tampa 4.65 0.49 8,283 118,330 1.08
TMD (Hartfd.) 2.88 0.21 1,770 25,287 0.47
______________________Total $155,713 $2,224,466_______
B. Estimates of Retained Earnings Opportunities
Estimates of the value of retained earnings opportunities can be calculated in a similar
fashion. Enterprises with high OE/OR indicators may possibly reduce operations
expenses through cost reduction initiatives, and quick estimates of the potential dollar
value of such programs are possible. Using the OE/OR threshold value of 80.7% as a
target and assuming operating revenues remain constant, the incremental dollar value
resulting from reduction of operating expenses was calculated for all enterprises with an
OE/OR indicator above 1 and summarized in the table below. According to this estimate,
over $166 million could be gained through possible increases to operational efficiencies
in this sample.
Baltimore 1.16 13.U% 68,349 8,Z89
Boston 1.10 7.9% 170,994 13,547
DC 1.00 0.3% 196,496 582
EBMJD (Oakland) 1.01 0.7% 163,560 1,225
MWRA (Boston) 1.62 49.8% 107,767 53,622
Minneapolis 1.02 1.7% 34,086 573
NYC 1.03 2.7% 1,272,514 34,006
Philadelphia 1.04 3.2% 295,461 9,538
Portland 1.14 11.7% 58,428 6,832
SDWA (San Diego Co.) 1.19 15.4% 209,243 32,189
Tacoma 1.08 6.3% 23,851 1,501
TMD (Hartford) 1.13 10.1% 34,788 3,516
Total $166,018
Similar calculations to determine the potential value of residential rate increases are
possible for enterprises with low percent income indicators. Using the percent income
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threshold of 0.64% as a target, the incremental dollar value per residential household of a
rate increase up to the target can be determined for any enterprise with a percent income
indicator less than 1. By assuming residential tap percentage, the total incremental value
of the residential rate adjustment can be estimated. The table below summarizes these
calculations for an assumed residential tap percentage of 30%. According to this
estimate, over $52 million could be gained annually through rate adjustments if all
enterprises in the collection were to increase the burden of their rates up to 0.64% of
median household income. In some cases, implementing one-time rate increases of the
extent shown in the table are unrealistic, so clearly, these would have to be phased in over
time. The magnitude of several rate adjustments suggests that rate burdens throughout
the cross section are quite different, and some consumers are paying inordinately lower
rates than others.
Cleveland 0.82 22.6 217 49 5,966
Denver 0.68 47.8 222 106 6,668
Detroit 0.56 77.6 173 135 10,698
JEA 0.83 20.2 201 41 2,241
Memphis 0.83 20.5 199 41 3,020
Minneapolis 0.79 26.3 281 74 2,215
NYC 0.94 6.2 223 14 3,400
Philadelphia 0.79 27.1 239 65 9,298
Raleigh 0.73 37.9 215 81 2,388
Tacoma 0.70 42.1 206 87 2,182
Tampa 0.87 14.3 186 27 920
Total $52,288
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Order of Magnitude Debt Capacity Calculations
Variables
Enterprise
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewa
Boston Water & Sewer Commission
Cleveland Division of Water
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Au
East Bay Municipal Utility District
Houston Public Utilities Division
JEA
Kansas City Water Services Departme
Los Angeles Department of Water & P
Massachusetts Water Resources Auth
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Water District of Southern
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
Salt Lake City Department of Public Ut
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
Interest Rate 7%
A B C D
Int Cov Ind FY99 Int Exp Int Cap $ Princ
0.95 65,735 0 0
ter 0.43 8,245 0 0
0.87 19,327 0 0
3.63 17,035 44,794 639,918
1.15 15,987 2,379 33,988
1.23 16,800 3,920 56,000
1.10 27,607 2,655 37,933
thority 1.89 18,767 16,722 238,889
0.56 50,970 0 0
0.66 155,201 0 0
2.02 16,024 16,415 234,503
nt 1.73 6,709 4,866 69,509
ower 2.31 44,987 58,885 841,219
ority -0.65 29,775 0 0
4.40 3,094 10,522 150,316
1.37 35,684 13,101 187,152
California 1.34 94,466 32,224 460,343
1.93 2,909 2,703 38,619
0.41 476,675 0 0
0.00 0 0 0
0.44 98,212 0 0
0.73 5,098 0 0
5.67 1,497 6,984 99,768
2.25 3,623 4,542 64,891
ilities 3.07 1,699 3,516 50,234
0.33 19,829 0 0
1.02 15,947 395 5,647
1.78 1,543 1,203 17,188
4.65 2,270 8,283 118,330
2.88 943 1,770 25,287
Total Available of Top 9 155,713 2,224,466
Total Available of Int Cov > 1 230,452 3,292,165
E I F I G I H I I J
%LT Ind
1.64
1.11
1.30
1.42
1.84
0.71
1.59
0.75
1.54
1.97
0.84
0.77
1.00
0.78
0.56
1.11
1.07
1.05
1.45
0.00
1.89
0.79
0.52
0.63
0.55
1.39
1.88
0.48
0.49
0.21
%LT Thresh
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
35.9%
FY99 Tot Assets
1,941,145
462,408
909,582
1,328,332
447,911
1,283,658
1,165,754
1,552,983
2,129,448
4,749,621
1,106,145
440,733
2,753,517
2,119,223
280,454
1,515,975
7,873,682
152,005
14,020,396
367,685
2,318,202
383,640
150,758
471,989
198,264
1,194,703
837,845
232,931
338,048
227,450
Calculations
C: If A > 1, then C = (A * B) - B, otherwise 0
D: D=C/X
H: H=E*F*G
I: l=(D+H)/(D+G)
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$ LT Debt
1,139,899
183,836
422,398
677,400
295,868
328,503
663,024
419,309
1,174,370
3,353,952
331,525
121,661
983,193
592,145
55,934
603,180
3,029,821
57,390
7,300,617
1,567,169
109,072
27,975
106,700
39,398
596,657
566,196
40,041
59,197
16,909
New %LT Ind
1.64
1.11
1.30
1.87
1.91
0.80
1.62
1.02
1.54
1.97
1.18
1.04
1.42
0.78
1.34
1.29
1.17
1.40
1.45
0.00
1.89
0.79
1.42
0.89
1.01
1.39
1.89
0.64
1.08
0.47
Check
No Change
No Change
No Change
Questionable
Questionable
OK
Questionable
OK
No Change
No Change
OK
OK
OK
No Change
OK
OK
OK
OK
No Change
No Change
No Change
No Change
OK
OK
OK
No Change
Questionable
OK
OK
OK
Order of Magnitude Rate Adjustment Calculations
Variables
% Taps that are residential households
Enterprise
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Cleveland Division of Water
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Los Angeles Department of Water & Power
Memphis Light, Gas, Water
Metro Water Services
Minneapolis Water Works
New York City Water & Sewer System
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
Salt Lake City Department of Public Utilities
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
X
30%
A |
%Inc Ind
1.05
0.00
1.11
0.82
1.39
0.68
0.56
1.19
1.19
1.25
0.83
1.32
1.25
0.83
1.22
0.79
0.94
0.79
0.99
1.21
0.73
0.62
1.20
0.70
0.87
1.05
B |
Threshold
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
0.64%
C
% Rate Inc
0.00%
0.00%
22.55%
0.00%
47.79%
77.63%
0.00%
0.00%
0.00%
20.24%
0.00%
0.00%
20.53%
0.00%
26.27%
6.15%
27.06%
1.24%
0.00%
37.86%
60.90%
0.00%
42.05%
14.33%
0.00%
I D I E F G
Ann Bill $ Inc per HH Taps/Dist Mi Dist Mi
264 0 48 3,580
0 0 94 4,500
340 0 79 1,096
217 49 85 4,800
371 0 74 3,424
222 106 84 2,486
173 135 78 3,400
268 0 100 1,300
365 0 94 3,900
348
201
393
330
199
327
281
223
239
286
314
215
189
420
206
186
328
0
41
0
0
41
0
74
14
65
4
0
81
115
0
87
27
0
66
64
90
70
57
100
134
145
83
83
78
75
105
72
55
65
2,800
2,365
7,200
3,500
2,366
1,000
6,181
3,300
1,919
870
1,250
1,198
1,670
1,166
2,100
1,484
H |
Taps
170,611
423,265
86,405
406,468
253,036
209,603
264,950
130,000
368,154
$ Rate Inc Op
0
0
0
5,966,250
0
6,668,538
10,698,438
0
0
0
183,816 2,241,010
151,067 0
645,000 0
246,476 3,020,601
135,500 0
100,007 2,214,584
826,000 3,400,398
478,423 9,298,086
159,800 169,777
72,300 0
97,703 2,388,288
90,393 3,119,666
175,000 0
84,027 2,182,147
114,952 920,706
96,938 0
Total 52,288,489
Calculations
C: If A<1 Then C = (B / (A * B)) - 1, otherwise 0
E: E=D*C
H: H=F*G
1: I=H*X*E
$ Rate Increase
Residential Tap % 52,288,489
10% 17,429,496
15% 26,144,244
20% 34,858,993
25% 43,573,741
30% 52,288,489
35% 61,003,237
40% 69,717,985
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Order of Magnitude Reductions in Operating Expenses Calculations
Variables
Enterprise
Austin Water & Wastewater Utility
Baltimore Bureau of Water & Wastewater
Boston Water & Sewer Commission
Cleveland Division of Water
Columbus Division of Water
Denver Water
Detroit Water & Sewerage Department
District of Columbia Water & Sewer Authority
East Bay Municipal Utility District
Houston Public Utilities Division
JEA
Kansas City Water Services Department
Los Angeles Department of Water & Power
Massachusetts Water Resources Authority
Memphis Light, Gas, Water
Metro Water Services
Metropolitan Water District of Southern California
Minneapolis Water Works
New York City Water & Sewer System
Orlando Utilities Commission
Philadelphia Water Department
Portland Bureau of Water Works
Providence Water
Raleigh Public Utilities Department
Salt Lake City Department of Public Utilities
San Diego County Water Authority
Seattle Public Utilities
Tacoma Public Utilities
Tampa Water Department
The Metropolitan District
I
Total
Calculations
C: If B > 1 Then C = (A * B) - B, otherwise 0
E: E=C*D
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A
OE/OR Ind
0.77
1.16
1.10
0.75
0.94
0.98
0.98
1.00
1.01
0.93
0.84
0.96
0.86
1.62
0.87
0.74
0.94
1.02
1.03
0.88
1.04
1.14
0.86
0.97
0.98
1.19
0.93
1.08
0.88
1.13
B C
Threshold % Exp Red Op
80.7% 0.0%
80.7% 13.0%
80.7% 7.9%
80.7% 0.0%
80.7% 0.0%
80.7% 0.0%
80.7% 0.0%
80.7% 0.3%
80.7% 0.7%
80.7% 0.0%
80.7% 0.0%
80.7% 0.0%
80.7% 0.0%
80.7% 49.8%
80.7% 0.0%
80.7% 0.0%
80.7% 0.0%
80.7% 1.7%
80.7% 2.7%
80.7% 0.0%
80.7% 3.2%
80.7% 11.7%
80.7% 0.0%
80.7% 0.0%
80.7% 0.0%
80.7% 15.4%
80.7% 0.0%
80.7% 6.3%
80.7% 0.0%
80.7% 10.1%
D I
FY99 Ops Expenses $ Exp
132,818
68,349
170,994
124,461
73,420
100,719
146,622
196,496
163,560
403,822
89,830
51,965
308,378
107,767
42,346
95,278
524,274
34,086
1,272,514
30,768
295,461
58,428
24,684
37,754
25,878
209,243
65,010
23,851
34,266
34,788
2,635,537
E __
Red Op
0
8,889
13,547
0
0
0
0
582
1,225
0
0
0
0
53,622
0
0
0
573
34,006
0
9,538
6,832
0
0
0
32,189
0
1,501
0
3,516
166,018
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Philadelphia Declining ccf monthly $2.68 $1.22Raleigh Declining ccf monthly $1.76 $1.14
Detroit Declining mcf monthly $1.83 $8.89 3 $8.12 33 $7.30Kansas City Esc/Dec ccf monthly $9.60 $1.54 6 $1.70 50 $1.30Austin Escalating ccf monthly $2.23 $0.94 2.67 $1.50 16 $3.67
Boston Escalating See Note 2
Denver Escalating ccf J monthly | $3.21 $1.07 1 14.71 $1.29 1 401 $1.61EBMUD (Oakland) Escalating See Note 2
Houston Escalating See Note 2
JEA (Jacksonville) Escalating ccf monthly $8.45 $0.58 15 $0.73 30 $0.96Portland Escalating ccf monthly $3.80 $1.41 36 $1.62 60 $1.91Tampa Escalating ccf bi-monthly - $1.04 26 $1.68
Cleveland Escalating mcf bi-monthly 
- $7.33 1 $15.68 - -
Los Angeles Seasonal -cf monthly $1.89 14 $2.33 - -
Escalating (Jun-Sep) $1.93 18 $2.98 
- -
Seattle Seasonal ccf monthly $3.90 $2.16 - - - -
Escalating (May-Sep) $1.60 5 $2.53 - -
Tacoma Seasonal ccf monthly $7.68 $0.63 - - - -
Escalating (Jun-Sep) $0.63 5 $0.78
Salt Lake City Seasonal ccf monthly $7.06 $0.51 - - - -
Uniform (Jun-Sep) $0.78 - - - -
DC Uniform ccf monthly - $1.58 - - - -
Memphis Uniform ccf monthly $3.80 $0.90 - - - -
Metro (Nashville) Uniform ccf monthly $2.70 - 2 $2.01 - -
Minneapolis Uniform ccf monthly - $1.65 - - - -
New York City Uniform ccf monthly - $1.31 - - - -
Providence Uniform ccf monthly $3.33 $1.61 - - - -
TMD (Hartford) Uniform ccf monthly $7.75 $1.38 - - -
Note 1 - Rates shown are for inside city residential customers with 5/8" or 3/4" meters; unit of volume for some enterprises is gallons but is converted here to ccf; some enterprises
also have additional blocks beyond three but these are not shown; rates were in effect during period 2000-01.
Note 2 - Boston bills on a monthly cycle and its block rates are graded by cubic feet per day; EBMUD's bills on a monthly cycle and its block rates are graded by gallons per day,
and rate also includes monthly a seismic improvement surcharge; Houston bills on a monthly cycles and charges a flat rate for different levels of consumption up to a
threshold; beyond the threshold a per 1000 gallon charge is levied based upon consumption
o.4Z L- $0.81
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Boston Water & Sewer Commission
FY99
Operating Revenues
Water & Sewer Usage
Fire Pipe
Other
Total Operating Revenues
Operating Expenses
Operations
Maintenance
MWRA Assessment
Depreciation & amortization
Total Operating Expenses
Excess Operating Revenues
FY98
180,914 184,371
2,501 2,413
9,554 6,305
192,970 193,089
45,181 45,655
5,696 5,114
108,827 105,461
11,290 13,935
170,994 170,165
21,976 22,925
Operating Revenues
Operating Expenses
Operations
Maintenance
Depreciation
Total Operating Expenses
Operating Income
FY99 FY98
204,839 192,628
80,878 84,053
18,822 18,409
24,761 20,997
124,461 123,459
80,378 69,169
Denver Water
FY99
Operating Revenues
Water
Power generation and other
Total Operating Revenues
Operating Expenses
Source of supply, pumping,
treatment and distribution
General and administrative
Depreciation and amortization
Customer service
Total Operating Expenses
ODeratina Income
FY98
123,608 124,810
4,047 3,760
127,655 128,570
41,060 39,233
30,215 30,243
22,627 21,211
6,817 6,802
100,719 97,489
26,936 31,081
Appendix K - Example Financial Statements
Tampa Water Department
FY99
Operating Revenues 47,985
Operating Expenses
Salaries & employee benefits 11,017
Supplies & materials 13,860
Contract services 3,127
Other services & charges 90
Depreciation 6,172
Total Operating Expenses 34,266
Operating Income 13,719
Cleveland Division of Water
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Below is a summary of specific actions to normalize enterprise financial data:
1. Long-term debt was calculated by subtracting current liabilities and an adjustment
figure from total liabilities. The adjustment figure included material, non-current
assets that were not debt equivalent.
2. Operating revenue was used in calculating the financial metrics total asset
turnover and average collection period because many water enterprises did not
report a value for water sales revenue. The use of the operating revenue value
presents both metrics more favorably than if water sales revenue was utilized.
3. Depreciation was included as a part of operating expenses when calculating
operating income.
4. Accounts receivable was net of an allowance for doubtful accounts.
5. Operating transfers were not included as operating expenses since the nature of
the transfers was not described in all financial statements.
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